
AD-A112 215 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG-ETC F/G 8/8
LOW FRESHWATER INFLOW STUDY. CHESAPEAKE SAY HYDRAULIC MODEL INV--ETC(U)
JAN 82 0 R RICHARDS, L F GULBRANDSEN

UNCLASSIFIED WESITR/HL-82-3NL

I.EEEEhEEEE1
EEEmhhEohEohEI
momhhmhhmmhu
EhhhEElllEEEEEE

EEEEEEEEEEEEEE



1.25 4l~ .



aCA,

TEC1HNICAL REPORT 14"82-3

LOW FRESHWATER INFLOW STUDY
Chesapeake Bay Hydraulic Model Investigation

by

David R. Richards, Leif F. Gulbrandsen

Hydraulics Laboratory
U. S. Army Engineer Waterways Experiment Station

P. 0. Box 6.31, Vicksburg, Miss. 39180

January 1982 '
SnAJ Report

Approved For Public Release; Distribution Unlimited

0A

ftepw fr U.S. rmy ngieerDistrict, Baltimore
Balimre Maylnd21203

8 2 03 20 056



Destroy this report when no longer needed. Do not return
it to the originator.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated.

by other authorized documents.

The contents of this report are not to be used for
advertising, publication, or promotional purposes.
Citation of trade names does not constitute an
official endorsement or approval of the use of

such commercial products.



DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERSI~ii;P. 0. BOX 631

VICKSBURG, MISSISSIPPI 391180

I4EPLY REE O FH 12 March 1982

Errata Sheet

No. I

LOW FRESHWATER INFLOW STUDY

Chesapeake Bay Hydraulic Model Investigation

Technical Report HL-82-3

January 1982

1. Page 29, line 4, second word: Change model to modal.]

2. Plates 2 through 22: Crosshatching in first columni (-20 to 0)should

be solid (black).

3. Plates 35 and 36: Cbanm'e station numbers in titles from C-01-09 to

"B-01-09.



.. .. lass if ied
SECURITY CLASSIFICATION OF THIS PAGE (*7.n D.,. Fe,°.d)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

1. REPORT NUMBERI I _.2"OVACESSION No. 2 RECIPENT'S CATALOG NUMBER

Technical Report HL-82-3 .1 CO.NT CATLO NU8E

4. TiTLE (and SubliI.) S. TYPE OF REPORT & PERIOD COVERED

LOW FRESHWATER INFLOW STUDY; Chesapeake Bay Final report
Hydraulic Model Investigation

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(.) 8. CONTRACT OR GRANT NUMBERf.)

David R. Richards

Leif F. Gulbrandsen

9. PERFORMING ORGANIZATION NAME AND ADDRESS tO. PROGRAM ELEMENT, PROJECT, TASKAREA 4 WORK UNIT NUMBER5

U. S. Army Engineer Waterways Experiment 
Station

Hydraulics Laboratory
P. 0. Box 631, Vicksburg, Miss. 39180

It. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U. S. Army Engineer District, Baltimore January 1982
P. 0. Box 1715 13. NUMBER OF PAGES

Baltimore, Md. 21203 190
14. MONITORING AGENCY NAME & ADORESS(il different Etom Controlling Office) 15. SECURITY CLASS. (of this report)

Unclassified

ISO. DECLASSIFICATION/OOWNGRAOING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thls Report)

Approved for public release; distribution unlimited. /

17. DISTRIBUTION STATEMENT (of the betfaect ten ,.d in Block 20, It different from Report)

IS. SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royal Road,
Springfield, Va. 22151.

,9. KEY WORDS (Contoo on reverse aid if naec. nd identif, b, block. nmber)

Consumptive losses Salinity
Drought conditions
Hydraulic model
Neap-spring salinity response

20. AUIST'RACrearT amooers 04 km i~nu.p Ad Identify by block numboor

.Future population increases in the Chesapeake Bay area will increase the

demand for fresh water from its tributaries. A portion of this demand will he
in the form of consumptive losses. In order to predict the impact of these
consumptive losses on the Chesapeake Bay and future water resource programs, a
study was initiated in a physical model of Chesapeake Bay to compare tide,
velocity, and salinity data for a historical period of low flow with data

(Cont inled )

W I D J ,.73W, 9noF onOVr-651S NSOLETE Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (Whm Dae Entered)



Unclassified
SECURITY CLASSIFICATION OF TWIS PAGEfWm Data NOtWtd0

20. ABSTRACT (Continued).

resulting from freshwater inflow suppressed by the consumptive losses that may
be expected some 50-60 years in the future.

A base test simulating drought water years 1963-1966 was designed to re-
produce known low-flow conditions, and a future test was designed to portray
water years 1963-1966 combined with anticipated consumptive losses and diver-
sions for 50 to 60 years in the future. Both tests contained a number of
consecutively run, average year hydrographs to assess the bay's rebound
potential following a drought period.

Sampling for each test resulted in a data set that includes 7 years of
continuous hourly tide records at 22 stations distributed throughout the bay,
hourly current velocities over complete (13 hr) tidal cycles taken at 16 sta-
tions eight times, and approximately 250,000 salinity values during each test.
There were 206 salinity sampling stations each having from one to five sampling
depths.

Analysis of the data could not address the entire data set; therefore,
32 stations were selected as being representative of the bay and generaliza-
tions were made on these stations to assess the effectiveness of the study.
Results of the analysis show a general increase in salinity values in the future
condition throughout the bay on the order of 1 to 3 ppt. The differences were
greater or less locally depending on the station location. Little differences
in tides and current velocities were noticed between tests. Variations in
vertical salinity structures between spring and neap tide were seen at some
stations in the bay, although there was generally little change resulting from
the consumptive losses. The bay's rebound after drought conditions was as-
sessed at several stations and the data indicated a return to a state of
dynamic normalcy within 3 to 6 months at all stations analyzed for both tests.

Unclassified

SCCURITY CLASSIFICATION OF THIS PAGEWbm. Data Et1nt0d)



PREFACE

A request for the U. S. Army Engineer Waterways Experiment Sta-

tion (WES) to conduct a hydraulic model investigation of Low Freshwater

Inflow Conditions on the Chesapeake Bay was made by the U. S. Army Engi-

neer District, Baltimore. Authorization for the study came under the

direction of the River and Harbor Act of 1965.

The study was conducted from September 1979 to March 1980 by per-

sonnel of the Hydraulics Laboratory, WES, and its subcontractor Acres

American, Inc., under the general direction of Mr. H. B. Simmons, Chief

of the Hydraulics Laboratory, Mr. F. A. Herrmann, Jr., Assistant Chief

of the Hydrualics Laboratory, Mr. R. A. Sager, Chief of the Estuaries

Division, and Dr. J. W. Hayden of Acres American, Inc. Testing was con-

ducted under the supervision of Messrs. D. F. Bastian and R. 0. Bruno,

Chiefs of the Chesapeake Bay Model Branch, and W. M. Dyok of Acres Ameri-

can, Inc. Project Engineers for the model study included Messrs. R. 0.

Bruno and D. R. Richards for WES and Messrs. L. F. Gulbrandsen and S. R.

Rives for Acres American, Inc. Additional key personnel for WES in-

volved in the model study included Messrs. A. W. Crunk, M. A. Granat,

H. J. Rhodes, and Ms. V. R. Pankow. Key personnel for Acres American,

Inc., included Messrs. W. E. Hayes, R. T. Lose, P. A. Waltz, and H. W.

Whetzel. This report was prepared by Messrs. Richards and Gulbrandsen.

Commanders and Directors of WES during the conduct of this study

and the preparation and publication of this report were COL Nelson P.

Conover, CE, and COL Tilford C. Creel, CE. Technical Director was

Mr. F. R. Brown.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain

acres 0.4047 hectares

cubic feet per second 0.02831685 cubic metres per second

cubic yards 0.7645549 cubic metres

feet 0.3048 metres

feet per second 0.3048 metres per second

inches 25.4 millimetres

miles (U. S. statute) 1.609344 kilometres

square miles (U. S. statute) 2.589988 square kilometres
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LOW FRESHWATER INFLOW STUDY

Chesapeake Bay Hydraulic Model Investigation

PART I: INTRODUCTION

Chesapeake Bay

1. Chesapeake Bay with its tributary estuaries forms the largest

estuarine system in North America. Between its mouth at the Virginia

Capes and its head at Turkey Point, Maryland, the bay is 190 miles* long

(Figure 1), has an average depth of just under 28 ft, and has a maximum

width of approximately 30 miles.

2. Fresh water from a 64,000-square-mile drainage basin empties

into the Chesapeake largely through five major river systems. The James,

York, Rappahannock, Potomac, and Susquehanna Rivers provide 90 percent

of the freshwater discharge into Chesapeake Bay. Salinity sources to

the bay are provided through the Chesapeake and Delaware Canal (C&D

Canal) by Delaware Bay to the north and by the Atlantic Ocean to the

south.

3. Like most estuaries, Chesapeake Bay is a highly productive

biological environment. Freshwater discharge from the various tributary

rivers meets with the ocean-supplied salinity within the bay to form the

estuarine environment that supports the plant and animal life indigenous

to the bay. The abundance of wildlife in the bay, most particularly in

the fisheries, plays a significant role in the local economies; this,

coupled with the well-known recreational uses of the bay, makes its

health important to preserve.

4. Historically, some events have caused considerable stress to

the health of the bay. Extreme freshwater inflow variations have caused

the occurrence of unusual salinity distributions. Recently (1972),

* A table of factors for converting U. S. customary units of measure-

ment to metric (SI) units is presented on page 3.
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tropical storm Agnes had a most pronounced effect; the high discharges

associated with tropical storm Agnes caused a significant freshening of

the entire bay. Several plant and animal species showed severe popula-

tion declines as a result of this extremely high inflow variation.

5. Extremely low freshwater inflow conditions can also have a

pronounced effect on the salinity distribution. It is during these con-

ditions that man can perhaps most significantly affect the health of

the bay through his activities. When flows become very small, the

amount of freshwater that man removes and redistributes becomes propor-

tionately large. As a result, during these low-flow periods the amount

of freshwater used by man may have a larger impact on the bay than during

high-flow periods when man's effect on inflow is small by comparison.

It is important to understand these low-flow periods as they represent a

sensitive time in the health of the bay. Unless the behavior of the bay

is understood during these periods, it would be difficult to design or

implement a management scheme to preserve the health of the bay with any

degree of confidence.

Purpose

6. The purpose of the Low Freshwater Inflow Study k-FIS) was to

acquire knowledge of how Chesapeake Bay responds to historical low fresh-

water inflow conditions and how the bay would respond to projected future

low-flow conditions when the consumptive use of fresh water by man has

increased. Specifically, the study had the following objectives:

a. To define salinity patterns throughout the bay system
resulting from both historical and projected drought con-
ditions on all bay tributaries.

b. To determine the effect of "consumptive freshwater losses"
on an "average" year hydrograph designed to produce long-
term average salinity.

c. To define a recovery time for the bay to return to "normal"
salinities following a drought condition.

d. To provide the hydrodynamic data necessary to develop

salinity-inflow relationships.

7. A more general purpose of the test was to generate a large data

6



set for historical low-flow conditions that both biological and physical

scientists could use to do further in-depth research into estuarine

mechanics. This data set could be used to do analyses that would be too

costly to do in the field.

Scope

8. The LFIS consisted of two separate tests that had identical

boundary conditions with the exception of freshwater inflows. The "Base

Test" was designed to reproduce hydrographic conditions observed in the

prototype during water years (14Y) 1963-1966. The "Future Test" was de-

signed to reproduce the WY 1963-1966 hydrographic conditions combined

with anticipated consumptive losses and diversions for 50 to 6C years

in the future. Each test was followed by at least 3 years of average

inflows.

9. Hydrograph conditions for the Future Test were identical to

the Base Test conditions except that consumptive freshwater losses pro-

jected by the U. S. Army Engineer District, Baltimore (NAB), were super-

imposed. These losses varied from inflow to inflow and from week to

week.

10. Desired inflows for sewage treatment plants were also different

between tests. Sewage treatment plant discharges were typically higher

in the Future Test reflecting increased plant discharges due to increased

populations.

7. . r i I I I I I I I



PART II: PROTOTYPE

11. Chesapeake Bay is located on the east convt of the United

States. The 190-mile-long estuary varies in width from 4 to 30 miles

with an average depth of 28 ft; the surface area of the bay is approxi-

mately 4,400 square miles. The mean annual discharge of its 126 fresh-

water tributaries is approximately 70,000 cfs, alr-ost 90 percent of

which is contributed by five major drainage basins: the Susquehanna,

the Potomac, the Rappahannock, the York, and the James. The Atlantic

Ocean provides salt water to the system, producing large salinity vari-

ations within the bay. The eastern shore is generally saltier than the

western shore, attributed in part to the dominance of freshwater flow

from the western tributaries and to the right-hand tendency of flow

contributed by Coriolis acceleration.

12. Chesapeake Bay is classified geologically as a drowned river

valley estuary. The Holocene sea-level rise inundated the Susquehanna

River Valley to form the bay. Sedimentation from the tributaries as

well as erosicn of the banks has contributed to maintaining the bay's

broad shallow character. The bay is classified as a partially mixed

estuary, although various stages of freshwater discharge and tidal and

wind mixing cause portions to alternate between well mixed and highly

stratified. Tides are semidiurnal with mean ranges from i to 2 ft. The

length of the Chesapeake Bay is such that a complete tidal wave is con-

tained within its limits at all times. Wind-generated waves are gener-

ally less than 3 ft in height, but large waves can occur during high

wind conditions. Average maximum velocities for tide and wind-driven

currents range from 0.5 to 3 fps.



PART III: CHESAPEAKE BAY MODEL

Physical Model Description

13. The physical model of Chesapeake Bay is located on Kent Island

in Matapeake, Maryland. The model is an 8.6-acre fixed-bed model molded

in concrete to conform to the most recent National Ocean Survey charts.

At the time of this study, all major ship channels had been molded with

the proposed 50-ft channels leading into Baltimore and the existing chan-

nels elsewhere. The molded area of the model extends from approximately

30 miles offshore in the Atlantic Ocean to the heads of tide for all

tributaries emptying into the Chesapeake. The entire length of the

C&D Canal and a portion of Delaware Bay are also modeled. Overbank

geometry is reproduced to the +20 ft contour. Model limits are shown

in Figure 2.

14. The hydraulic model was designed based on the equality of

Froude numbers, model to prototype, reflecting similitude of gravita-

tional effects. The Froude number, IF , is defined as:

v
IF = -,gd

where

V = velocity

g = gravitational acceleration

d = characteristic length

For distorted-scale models the characteristic length, d , is taken to

be the vertical dimension or depth. Geometric scales of the model are

1:1000 horizontally and 1:100 vertically, reflecting a distortion ratio

of 10:1. These dimensions and Froudian model laws defined the following

model-to-prototype ratios:

Characteristic Ratio

Vertical length 1:100
Horizontal length 1:1000

(Continued)
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Characteristic Ratio

Slope 1:10
Time 1:100
Velocity 1:10
Volume 1:100,000,000
Discharge 1:1,000,000

The model-to-prototype ratio for salinity is 1:1. This is the general

practice for distorted-scale models.

15. The model was designed and equipped so that selected proto-

type boundary conditions could be simulated and the model response to

these conditions recorded. A discussion of appurtenances necessary to

generate and record test boundary conditions follows.

Computer Facilities

16. The Chesapeake Bay model is equipped with two Texas Instru-

ments (TI) minicomputers that are used for model control, data acquisi-

tion, and data analysis and an IBM 5110 minicomputer that is used for

software testing and various smaller data analysis tasks using the APL

computer programming language. The TI 960 is a 64K minicomputer used

solely for model control and data acquisition. It is equipped with a

2.5-megabyte magnetic disc that contains all necessary system software

to compile and run the model control computer program. It also is

equipped with two 250K flexible disc drives that are used to input tidal

and hydrographic boundary conditions for each test as well as to record

data from 94 different flowmeters and water-level detectors throughout

the model. Output from these devices is displayed on a cathode-ray tube

(CRT) or hardcopy terminal where it can be observed by the model control

computer monitor at the same time that it is recorded on flexible disc.

Through the model control terminal, the computer monitor can interac-

tively observe model operations by displaying values from any combina-

tion of model control devices.

17. The TI 980 is a 56K minicomputer used solely for data analy-

sis. It has the same access to the magnetic disc and flexible discs as

does the TI 960. In addition, it can interface with a 300 card per

11



minute card reader, a 9-track, 800-bpi (bytes per inch) magnetic tape

drive, and a Versatec electrostatic printer/plotter. Graphics for this

report were largely supplied by the Versatec machine.

18. The IBM 5110 is a 32K minicomputer eq!vp,Ad with a standard

APL keyboard. It is used primarily for testing vai, ious data sorting

and analysis functions prior to their use on time-sharing systems. It

is also used on smaller and less sophisticated data analysis tasks.

19. When the data set for a particular test is too large for the

in-house computers, the model has the capability of using time-sharing

services through landline telephone communications. The LFIS test data

set was sufficiently large, with over 2 megabytes of salinity data, to

require time-sharing services. The size of the data set, coupled with

the need for interactive editing, dictated the choice of APL as the

programming language to be used on the data of this test.

Tide Generation and Measurement

20. Source tides in the model can be generated by using the pri-

mary tide generator in the model ocean and by using the secondary tide

generator in the Delaware Bay at the eastern end of the C&D Canal. Both

tide generators can be operated to generate a repetitive tide or by using

the TI 960 model control computer a repetitive or variable tide can be

generated.

21. The TI 960 computer controls the source tides by providing a

continuously changing programmed voltage to the tide-generating mecha-

nisms. These mechanisms consist of a feedback system that is entirely

self-contained and is not dependent on computer feedback for adjustment.

The system consists of a tide control amplifier that conditions the

computer signal and a bubble tube positioner that senses the water-

level position and positions the hydraulically controlled inlet and

outlet gates via a hydraulic pilot regulator. Figure 3 is a schematic

of the tide generation system. A more detailed description of the

12
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tide generators can be found in Scheffner et al. (1981).*

22. Water-surface elevations throughout the model can be measured

both manually by 75 distributed point gages, and automatically by 22

water-level detectors (WLD), which report their individual water levels

to the computer where they are stored. Water-level elevations are mon-

itored both manually at the ocean and automatically throughout the model

during testing (Figure 2). Manual measurements at the ocean were used

to check automatic devices.

Freshwater Inflow

23. The Chesapeake Bay model is capable of reproducing a variable

hydrograph freshwater inflow through the use of positive feedback con-

trol of river discharges. Fresh water enters the model at 21 independent

inflow points representing the major tributaries of the prototype. Fig-

ure 4 is a map of the bay showing the positions of the discharge points.

The Susquehanna River required two inflow systems (Nos. 15 and 22) due

to the range of freshwater inflow. As shown in Figure 4 both these

systems lead to the same discharge point.

24. Twenty-one rivers were chosen to represent the total combined

flow of more than one hundred separate tributaries for several reasons.

Providing a separate discharge point at each minor tributary is imprac-

tical. The sophisticated plumbing and equipment necessary for each

inflow are expensive and require specialized maintenance. Many of the

tributaries provide infinitesimal flows, immeasurable with the present

system used. These flows are summed with the nominal discharge of the

closest of the 21 chosen tributaries to provide a representative and

well-balanced, as well as a cost-effective, inflow distribution.

25. Flow is controlled at the discharge points by an arrangement

of solenoid-controlled discharge ports with graduated orifices. An

* Norman W. Scheffner et al. 1981 (Dec). "Verification of the Chesa-
peake Bay Model; Chesapeake Bay Hydraulic Model Investigation," Techni-
cal Report HL-81-14, U. S. Army Engineer Waterways Experiment Station,
CE, Vicksburg, Miss.

14



SUSQUEHWANNA R C- AA

-N- BALTIMORE /

12ANCHCSTERRR

1N0LWASLOCTON L POTMOT

Figure ~ .4.Fe jae nlwadswg ramn ln oain

D15



electrical signal causes a solenoid to be activated, fully opening a

discharge port. The configuration of the graduated orifices is such that

4096 combinations of open and closed ports provide a range of flows

which can be stepped from the smallest measurable flow to the individual

tributary's maximum theoretical flow. These arrangements of ports are

called digital valves.

26. Flow from the digital valves to the model is monitored con-

tinuously by bearingless flowmeters of varying ranges that can be used

alone or in combinations to provide accurate flow readings covering the

full range of a tributary's discharge. The flowmeters use fiber optics

to count the revolutions of a water-driven rotor. Optical pulses are

translated to electrical pulses that are summed on an arrangement of

totalizers and latches on a counter card. This counter is strobed at

predetermined intervals which causes the summed value of pulses to be

transferred to a transmitter and the latches cleared for the next summa-

tion. During the LFIS, inflows were strobed every 18 sec, or every half

hour of prototype time, thus, the values available for flow calculations

are not instantaneous flows but are 18-sec averages.

27. Each flowmeter in use has its own transmitter where the

binary totals from the counter are translated to ASCII code and trans-

mitted to the TI 960 model control computer in serial form via a hard-

wired cascading multiplexed 20-milliamp current loop communication

system.

28. In the computer, the pulse totals are transformed to flows

using a linear regression derived from pretest calibrations for each

flowmeter/digital valve combination. The computer then compares these

18-sec averaged flows with the desired flows for each flowmeter and

determines whether the digital valve setting should be adjusted at any

of the inflows. The feedback system is activated when there is a dis-

crepancy between the desired flow and the actual flow. Discharge ports

are opened or closed to adjust the actual flow toward the desired flow.

Time-averaged discharges controlled in this manner remain very close to

the desired hydrograph step values. Some overshooting of flows may occur

at the beginning of each step as the computer overadjusts, but flows are

16



generally stable within a few update cycles and are near desired flows

very quickly. This varies, of course, with the magnitude of the step

change as well as with each individual flowmeter/digital valve combina-

tion. Figure 5 shows a typical inflow system used in this test.

Sewage Treatment Plants

29. For the LFIS, changes in discharges of the rivers were supple-

mented by modeling major sewage treatment plants (STP's) in three of the

bay's largest urban centers. Figure 4 shows the locations of 13 STP's

modeled for the study. Table 1 is a list of the stations with their

geographical locations. Discharge A is located on the Back River; dis-

charges B and C are located on the Patapsco River, all near Baltimore,

Maryland; discharges D through I are located in the upper reaches of

the Potomac River, near Washington, D. C.; and discharges J through M

are located on the James River in the Norfolk-Newport News, Virginia,

area. Engineering drawings of the STP's were consulted and the discharge

points were located as near as possible to those in the prototype.

Fresh water was used as the discharge medium in all modeled STP's. Since

near-field flow patterns are not easily modeled in a distorted-scale

model, and since near-field structure was not an object of concern, no

attempt was made to reproduce the injection methods of prototype. Brass

diffusers were fitted to nylon tubing for outfalls. Figure 6 shows a

typical portable inflow as used in the LFIS. A constant-head tank,

approximately 10 ft above the model, feeds an array of adjustable rota-

meters which in turn feed the nylon discharge lines. Flow rates through

the STP's were adjusted manually, as required, throughout each hydro-

graph test.

Saltwater Supply System

30. A constant source salinity is provided to the model ocean by

maintaining the supply sump (Figure 3) at the desired salinity. This

is accomplished by adding sufficient quantities of saturated brine

17
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(approximately 280 ppt) to the return sump where it is mixed to the de-

sired source salinity prior to being circulated to the supply sump and

thence to the model ocean. The saturated brine solution is obtained by

injecting fresh water into a bed of granular salt (NaCI) from which it

is later released to the return sump in measured quantities. The salt-

water supply system is capable of maintaining source salinity to within

0.2 ppt of that desired in steady-state conditions and to within 0.5 ppt

of that desired during hydrographic conditions.

Bubbler System

31. The bubbler system in the model is designed to create a more

realistic vertical salinity distribution. Since nonastronomical mixing

energy (primarily wind) is not easily modeled by tides and supplemental

roughness alone, it was necessary to add the bubbler system in order to

maintain closer agreement with the vertical salinity distribution in the

prototype.

32. The model bubbler system consists of a network of copper tub-

ing placed along the axis of the bay and its major tributaries (Figure 7).

The tubing is charged with a constant air pressure and releases bubbles

into the water column at a constant prescribed flow rate. Throughout

any given test the bubble flow rate, air pressure, and bubbler depth in

the water are monitored for consistency.

Current Meters

33. Current velocity measurements were made with miniature Price-

type meters (Figure 8). The center line of the model cups on the meter

was about 0.04 ft above the bottom of the meter frame. The overall

width of the meter was about 0.1 ft in the model, representing a horizon-

tal width of about 100 ft in the prototype. Therefore, distortion of

the horizontal area (model to prototype) resulted in model velocities

averaged over a much larger area than those of the prototype point obser-

vations. The same was true for the vertical area since the height of
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Figure 8. Miniature Price-type

current meter

the cups on the meter was equivalent to about 4.0 ft prototype. Veloc-

ities were obtained by counting the number of revolutions the meter made

in a 10-sec interval (model) which was equivalent to about 17 min in the

prototype. The meters were calibrated frequently to ensure the accuracy

of measurements and were capable of measuring actual velocities as low

as about 0.03 fps (0.3 fps prototype). Accuracy of these meters was

about +0.15 fps (pototype).

Vacuum Sampling System

34. Salinity samples for this test were taken using a vacuum

aspiration system. A series of vacuum pumps provide a continuous vacuum

to three valve manifolds. A total of 15 valves control a varying number
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of cotidal stations arranged such that sampling times are never more

than 1/2 hr from the desired -lack-water sampling time. In each case,

the sample is pulled at the same time relative to slack water. The

sampling station consists of a sampling probe built from a number of

separate copper tubes soldered together to form a multidepth probe.

These copper tubes are attached to short lengths of plastic tubing that

leads to individual 10-ml test tubes. Vacuum is provided to the tubes

by a vacuum/overflow jar that provides even vacuum to all lines. This

system has proven effective in taking a very large number of samples.

The filled test tubes are removed manually from the sampling device be-

tween sampling times and placed in special racks for later analysis.

Salinity Testing System

35. For the LFIS a new salinity testing procedure was developed

due in large part to the number of samples required. Previous testing

methods would have required a severely reduced schedule or extremely

high manpower costs. A new semiautomatic data logging system was ac-

quired that reduces testing time, thereby freeing personnel for other

tasks, and results in better resolution of salinity values, thus increas-

ing confidence in the data.

36. Beckman RA-5 solumeters have been used continuously for con-

ductivity measurements since testing began (Figure 9). These meters

use a salinity probe shaped like an eyedropper into which a sample is

drawn and the salinity read from an analog meter. These analog meters

provide much opportunity for error in reading and transcription, and

even the most experienced operators are unable to be more accurate than

2 percent of full scale, which is 0.8 ppt. The solumeters provide a

voltage output of 0 to 100 mV which is proportional to 0 to 100 percent

of full scale. This voltage is used to drive a digital voltmeter which

measures 0.1 mV giving a resolution of 0.1 percent of full scale or

0.04 ppt. In calibrating the meters, it was found that a given salinity

standard could be repeated to within approximately 0.3 percent or

0.12 ppt. This is in an ideal situation where temperatures, conductivity,
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Figure 9. Beckman solumeter

and probe residence time are carefully controlled. Other tests performed

on the meters indicate that most samples can be relied upon to within

approximately 0.5 ppt. There are some cases where operator error or

electronic problems can cause larger deviations, but these are detectable

and can be isolated from the data set or corrected.

37. The data logging system (Figure 10) enters the values, con-

verted by the digital voltmeters, on cassette tape in ASCII code where

it can be processed by the TI 980 minicomputer for storage. With each

sample value, pertinent information such as depth, time, tide, and sta-

tion name is added to the record. This can all be accomplished with a

minimum effort on the part of the meter operator. Direct entry of

values on cassette tape precludes the need for keypunching and the possi-

bility of misinterpretation with each transfer to a different medium.
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Figure 10. Data logger
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PART IV: TEST CONDITIONS

Introduction

38. The accurate control of boundary and initial conditions in any

model test is of obvious importance to the test if any degree of signif-

icance is to be attached to the results. This is particularly true for

base versus plan testing where model response should be related entirely

to designed base versus plan differences rather than any perturbations

in desired boundary control.

39. The boundary and initial conditions in both the Base and

Future Tests were designed to be identical with the exception of the

Future hydrograph being suppressed by what is defined as consumptive

freshwater losses. If all boundary and initial conditions with this ex-

ception were identical, the resultant Base versus Future Test data dif-

ferences could be attributed to these consumptive losses. However, in

any physical model test, perturbations in the boundary and initial con-

ditions occur. It is important to be able to explain whether or not

Base versus Future differences were a result of boundary and initial

value differences or if they were truly a result of consumptive losses.

40. Small boundary and initial condition differences other than

freshwater inflow rates occurred during these tests. These differences,

however, appear to be too small to explain the different model salinity

responses in the Base and Future Tests. A more detailed discussion of

test boundary conditions and procedures follows.

Tides

41. Source (ocean) tides in the Chesapeake Bay model consist of a

repetitive, 28-lunar-day, 56-cycle tide sequence that was constructed

from records acquired at Old Point Comfort, Virginia.* The tide is

based on the equation:

* Harmonic analyses of the recorded data were performed to provide a

12-constituent ocean source tide.

25



12

h(t) = Cos t

where

h(t) = tide height

a. = constituent amplitude, ft1

t = time, hr

T. = constituent period, hr1

i = constituent phase, rad

The following are the constituent values:

No. Constituent Amplitude (a.) Period (T.) Phase (d.)

I M2 1.188 12.421 3.6908

2 S2 0.230 12.0000 4.1068

3 N2 0.265 12.6584 3.3879

4 KI 0.170 23.9344 1.7392

5 01 0.146 25.8194 2.1972

6 V2 0.051 12.6260 3.3728

7 MI 0.006 24.8332 2.2321

8 Jil 0.012 23.0985 2.0307

9 Q1 0.020 26.8683 1.9488

10 P1 0.048 24.0659 1.8336

11 L2 0.033 12.1916 3.2304

12 K2 0.059 11.9672 4.0534

42. Tide 1 of the cycle, which has the greatest amplitude of the

56 tides, had a high water of +2.2 ft and a low water of -1.8 ft for a

total range of 4 ft. Tide 18, a typical neap tide, had a range of

2.07 ft (from +1.17 ft to -0.90 ft). Figure 11 is a graphic representa-

tion of the 56-cycle tide computed from the above constituents. This

tide is propagated up the bay and reaches Reedy Point, Delaware, at the

Delaware River end of the C&D Canal 16.26 hr later.

43. The test began with the lead-in period maintaining a constant

amplitude spring tide which reflected the values of tide 1
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(+2.2 ft/-l.8 ft). This condition, with the constant discharge, further

enabled the model to come to a density equilibrium. At the start of

the hydrograph period, the 28-day variable tide was implemented and

maintained throughout the test.

44. The ocean tide control amplifier was calibrated prior to each

test to give the correct lead-in tide. The water level at the ocean tide

control station was monitored continuously by a water-level detector (WLD)

which was hard-wired to the computer and to a strip chart recorder where

real-time visual inspection of tide shape could be accomplished. In

addition, manual point gage measurements were taken twice per 56-tide

period on tides 7 and 8 and on tides 35 and 36 to confirm water levels

indicated by electronic measurements.

45. The Delaware Bay source tide was not used for these tests for

two reasons. First, available prototype data are inadequate to define

the amplitudes and periods of the source tide and salinity under vari-

able tidal conditions in Chesapeake and Delaware Bays. Second, previous

testing in the model* had shown that the hydrodynamics of the C&D Canal

are very sensitive, particularly to variations in mean water-surface

elevation, so that even minor discrepancies in boundary control of water-

surface elevations have significant impact on canal hydrodynamics and

thus on salinities in the Upper Bay. Since the boundary control for the

source tide in Delaware Bay was not capable of preventing small discrep-

ancies in water-surface elevation, it was decided not to reproduce the

source tide for these tests so that any changes in Upper Bay salinities

from the Base Test to the Future Test would not be erroneously affected

by possible discrepancies in boundary control.

Freshwater Inflow

46. The LFIS hydrograph can be divided into four distinct portiuuo:

* M. A. Granat, L. F. Gulbrandsen. "Baltimore Harbor and Channels

Deepening Study; Chesapeake Bay Hydraulic Model Investigation"
(in preparation). U. S. Army Engineer Waterways Experiment Station,
CE, Vicksburg, Miss.
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a constant inflow period for salinity stabilization (before week 0), a

1/2-year lead-in hydrograph (week 0-24), a 3-1/2-year hydrograph with

drought years low inflows (week 25-209), and a 3- or 4-year hydrograph

of model (average) years (week 210-416 for the Base Test and week 210-

264 in the Future Test). Hydrographs for the total bay and each inflow

point are shown in Plates 1-22. Both tests began with a steady-state

discharge to provide a constant inflow distribution for reaching a stable

density distribution. The Base and Future Tests began with a 70,000-cfs

nominal total bay discharge which represents a long-term average flow.

Distribution of the discharge by percent and by flow rate is provided

in Table 2.

47. When the model was determined to have reached a stable density

distribution, a lead-in hydrograph, simulating the first 24 weeks of WY

1963 (beginning on day 270 of calendar year 1962), was implemented.

This portion of the hydrograph was intended to be identical in both Base

and Future Tests in order to provide a more realistic density structure

for the beginning of the salinity testing period.

48. At week 25 the hydrograph continued to simulate the second

6 months of WY 1963, and WY 1964, WY 1965, and WY 1966 in the Base Test,

and the same hydrograph sequence reduced by increased consumptive losses

in the Future Test. Consumptive losses projected by NAB varied from

inflow to inflow and from step to step. Baywide total consumptive losses

averaged about 2400 cfs throughout the test, or approximately 4.5 percent

of the total bay discharge, percentages being generally greater during

periods of low flow and less during periods of high flow.

49. Week 210 began the fourth portion of the hydrograph which

consisted of a series of "modal" water years designed to produce long-

term average sa.inities in the model. The modal hydrograph is based

on a rather complicated selection of monthly averaged flows for each

inflow point; this results in a smoothed increasing and decreasing flow.

This hydrograph is concerned with seasonal flows rather than the repro-

duction of a realistically spiked hydrograph. The modal hydrograph was

reproduced four times in the Base Test, following WY 1966, and three

times in the Future Test. As with the preceding hydrograph, the Future
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modal WY is affected by the same order of magnitude of increased con-

sumptive losses.

50. Observed freshwater discharges in the model for both Base and

Future Tests followed the desired freshwater discharges within a 10 percent

error band most of the time. Of more importance to this test, however,

was how the desired Base-Future differences compared with the observed

differences. The majority of inflows maintained the desired Base-Future

difference (Plates 2-22). There were three instances when flow problems

developed that could negatively impact comparisons of the test at these

points:

a. Step 266 at Inflow 15 - Surge in flow added excess water
to the model in the Future Test. Flow was recorded at
75,000 cfs for one-sixth of a step. Desired flow for
this period was 21,286 cfs.

b. Step 269 at Inflow 15 - Surge in flow added excess water
to the model in the Future Test. For the first two days
of this step, the flow was approximately 80,000 cfs.
Desired flow for Step 269 is 29,386 cfs.

c. Step 114 at Inflow 4 - Surge in flow added excess water
to the model in the Future Test. Flow of 9,818 cfs ob-
served for the entire step. Desired flow for Step 114 is
6,243 cfs.

Steps 114, 266, and 269 were of some concern when looking at salinity dif-

ferences between tests and at differences in stratification. Within very

short periods, large excess amounts of fresh water were injected into the

model in the Upper Bay and the upper end of the James River and may have

affected salinities for some time afterward. Weekly averaged calculations

of STP's indicated no significant departures from the desired flows in

either test.

Current Velocities

51. Velocity measurements in the LFIS were chosen to represent

seasonal velocity profiles at 16 stations (Figure 12). The task required

measurements at from one to three depths on one spring and one neap tide

each, during high and low flows in WY 1965 and once each during the modal

year. April (high flow) and June (low flow) were selected as the
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representative discharge periods during WY 1965 and lunar days 1590-1599

were chosen as the representative high-flow period during the modal

year. Velocity measurements were obtained at hourly intervals over a

tidal cycle (13 solar hours) throughout each of the measurement periods.

52. Velocity measurements were taken with miniature, cup-type,

rotary velocity meters that were described in paragraph 33. Meter

friction is kept to a minimum by keeping the bearings as clean as pos-

sible; however, the.. is still a critical velocity at which initiation

of rotor movement occurs. This velocity varies slightly from meter to

meter and from test to test, but is generally on the order of 0.3 fps.

Below this value velocities cannot be accurately measured; although by

visual observation, it can be determined that the water is moving and in

which direction. The meters were carefully calibrated prior to testing

in a specially built flume. Under these ideal flume conditions 95 per-

cent confidence intervals on the least-squares fit of data points are

about +0.15 fps. Conditions on the model such as dirt, heat, and cold

tend to decrease the value of this confidence interval somewhat but still

it is probably less than 0.3 fps.

Source Salinity

53. Source salinity is defined as the salinity of supply water as

it enters the headbay at the ocean. This definition was chosen to

facilitate sampling and control of salinity. During varying freshwater

discharges the mixing of fresh and salt water at the ocean causes dis-

continuous and variable salinities in the vicinity of the headbay.

Sampling in this area can yield large changes in salinity over relatively

short periods, especially during high freshwater discharge periods. The

supply sump is a large and nearly homogeneous volume of water (analogous

to the prototype ocean) that reacts slowly to a spiked hydrograph; thus,

it can be measured less often and with greater confidence in a single

set of measurements. Salinity samples were taken in the headbay, in

the return sump, and in the supply sump once per hour throughout the

entire study. Testing of the three areas together helps project trends
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in the source salinity and thus large drops in source salinity can be

prevented by adding brine to the return sump when it shows a decline.

Source salinity was kept to within +0.5 ppt of tile desired value for

most of both tests. Some discrepancies can be seen in the comparisons

at the beginning of both tests. This was due in large part to inex-

perience in sump control for the LFIS. The Future Test was run before

the Base Test and the very large hydrograph step changes caused drops in

source salinity that were not properly anticipated. As the tests pro-

gressed, changes in the hydrograph became less pronounced and sump con-

trol could be anticipated more easily. It can be seen that the error

band narrows as time passes, and during tile Base Test sump control is

well within the error band for the Future Test. Sump control in general

was considered very good for both tests. Short-term deviations as seen

in the beginning of the Future Test do not create perceptible discrep-

ancies in the bay salinities. Test averages for both tests were within

+0.2 ppt of the desired 32.5 ppt and were within +0.1 ppt of each other,

making sump control comparable for the two LFIS tests.

Salinity Sampling

54. It was necessary during testing to monitor the distribution of

salinity within the bay to ensure that general expected patterns were

developing and that anomalies in the bay were explainable within the

context of the test. In order to accomplish this task, a set of 19 sta-

bility monitoring stations was selected to give a general picture of the

baywide salinity structure (Figure 13). Samples were obtained at the

times of slack after flood periodically throughout each test. These

salinity monitoring stations were not considered part of the LFIS testing

program but were selected for compatibility with other studies for com-

parison. The salinity monitoring stations were used to determine when

the model had reached the dynamic salinity equilibrium required for test

initiation and were a real-time test monitoring aid. Samples were taken

at slack after flood at each of the 19 salinity monitoring stations on

every tide 3 and every tide 30 throughout the tests. The samples were

33



\NEO2~jI__

C B -0 8 0 1 ./. O 0

a SA 02-01

LU I1 
R 1 

_-_

PR 03- G R'01-01 c

" R,-20 PRO, CB-06-04 -

dAO02 MAO1 CSE = J" l I
I tj SE . - CH- 01 01

P1 1 3I9

F-01 PO O 2

ROBI47 P . , 0o, -,

R, OB, , . , SYM BOL RIVER
-. -* R o " BN BACK RIvER NORTH

""l ' 04 1 Lk !l 
I NN M SE

-"RB 
0 '  

) BO BOHEMIA

: / .R/BUSH
N . CB CHESAPEAKE BAYLCC CHOTANK

R 1 R 0 4NE L

k0 P0 L06 GETWCMC

501 ,.l * .J JAMES RIVER

POW ~ V CBO2RUNPOD5

40 A LC-O- LPTL CHPTN

03 MMN MANOKIN

"7" ,li .0 MBO . MR MIDDLE
...... , .. MI- MILES

ROB C 0SY9$MBO MOBACKBA

SN NANTICOKER 7 NE NORTH EAST
S. A " PR PATAP SCO

0T3AN7 C
1  

P PATUXENT

Pl PIANKATANK
R_0 1 P POCOMOKE SOUND

,O2 O C EAN PG POGUOSON% MONITORING STATION 2P0 POTOMAC

SR RAPPAHANNOCK

SA PLNGRAG_,._,,,sA SASSAF RASS
0 REPORT STATION1 ,. SE SEVERN

rI S SOUTH

03SU SUSUEHANNA
TA TRED AVON
W WIOMICO

W WYE
Y YORK

Figure 13. Salinity sampling stations

BOI R PAAPSC



analyzed immediately and hand-plotted to facilitate rapid analysis. No

abnormalities in density structure were observed in either test and

consequently confidence in their comparability is high.

55. Salinities in the bay were sampled at 206 individual stations

at from one to five depths per station (Figure 13 and Table 3). A total

of 550 samples were taken during each sampling period. The sampled

tides were 1, 10, 28, and 48 for slack after flood which represent

high-spring, neap, low-spring, and neap tides, respectively (Figure 11).

In addition to slack after flood samples, slack after ebb samples were

taken four times per year, once each season on tide 35. In all, 218,350

samples were scheduled for the Future Test and 244,200 were scheduled

for the Base Test.
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PART V: TEST RESULTS

Tides

56. Continuous records of tide levels were taken at 22 stations.

Water-level detectors were placed at each of these 22 locations and

their data were transmitted to the computer and stored.

57. Comparisons of Base and Future records of tides indicate no

major tide discontinuities that would negatively affect the interpreta-

tion of the salinity data during the periods of concern in this report

(Plates 23-26). No perceptible phase differences occurred between tests,

and plane measurements due to varying inflows between tests were minute.

A more detailed analysis of tide conditions in this study is possible;

however, this is outside the scope of this report.

Current Velocities

58. Due to the limitations of the velocity meters, it was found

during testing that many of the stations chosen could not be tested with

confidence. Shallow depths and low velocities caused unrealistic or

unreliable values to be discarded leaving only six stations (out of 16)

with data to be compared. During other studies conducted in the model,

velocity data were taken during constant tide and constant inflow condi-

tions which presented the opportunity for multiple sampling of the de-

sired conditions at each depth, increasing the confidence levels of the

data by giving indications of repeatability. Multiple testing of a

single depth in variable tide, variable hydrograph conditions is diffi-

cult. If a meter does not perform satisfactorily (i.e. is sticking or

behaving abnormally) the velocity sample for that testing period is lost

with no chance to repeat it later. Multiple depth testing presents

unique problems in a variable tide, variable hydrograph situation.

Three-depth testing, for example, requires that velocities be taken on

three tides of equal height and equal inflow values. For the LFIS,

samples were taken on tides 55, 1, and 3 which are nearly equal spring
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tides, and on tides 44, 46, and 48 which are nearly equal neap tides

(Figure 11). The procedure was to monitor one depth at tide 55 (or 44),

change depths; monitor a second depth at tide 1 (or 46), change depths;

and finally monitor the third depth at tide 3 (or 48).

59. Velocity measurements taken during the test point to differ-

ences between the Base and Future conditions; but confidence in the abso-

lute values is low, due to the required testing procedure. Velocity

plots for select stations are presented in Plates 27-32. In general, no

evidence exists to attribute differences in velocity to changes iii 1resh-

water inflow.

Salinity Distribution

60. The LFIS produced a salinity data set that consisted of

1/2 million data values from 206 salinity stations, each having from

one to five sampling depths. To accomplish a detailed analysis of each

of the stations would be prohibitive in both time and costs. For the

purposes of this report, 32 stations that were representative of a large

range of possible prototype conditions were chosen and a detailed analy-

sis was performed on each. Of these 32 stations, 15 were selected to be

displayed within this report. Data listings at selected times are given

in Table 4, time-histories are given in Plates 33-62, and selected

salinity profiles are given in Plates 63-110.

61. Response of the model to the prescribed boundary conditions

resulted in salinity values at each station that varied as a function of

hydrographic season, tide amplitude, and relative closeness of a particu-

lar boundary. During model testing, a particular salinity station could

show a higher sensitivity to any of the above influences; however, the

response is certainly influenced by all of them concurrently. To remove

any of the influences could invoke an entirely different salinity re-

sponse at the station. It is the summation of these influences that in

a unique interactive way controls the distribution of salinity through-

out the estuary.

62. Strong seasonal variations in salinity were noticed at all
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stations during the test. Freshening of the station profiles was

noticed during periods of high freshwater discharge, and conversely,

saltier profiles were noticed during drought conditions. In addition,

it was quite common for individual stations to show increased stratifica-

tion during high freshwater discharge conditions. This response becomes

more pronounced as one travels upstream in the rivers and in the main bay

toward the freshwater boundary. Response of the model to these seasonal

freshwater changes is shown dramatically in the Potomac River.

Sta PO-06-01 and PO-02-02 show strong stratification changes between

high and low freshwater inflow conditions (Plates 63-78).

63. During the high-flow periods, sta PO-06-01 exhibits a pro-

nounced salinity difference between surface and bottom but becomes nearly

homogeneous in the following low-flow period, with a net increase in

salt over the profile. Seasonal variations in stratification are noticed

in both historical and modal years. Sta P0-02-02 shows similar changes

in stratification. Sta PO-02-02 (at the mouth of the river), however,

shows this seasonal response to a lesser degree. The distance from the

freshwater boundary and the closeness to the local saltwater boundary

at the mouth of the Potomac are thought to be responsible for this

phenomenon.

64. Another general tendency noticed in the model salinities was

the salinity response to tide amplitude or the "neap-spring" effect.

The effect is shown quite clearly in the salinity time-history plots as

sawtoothed variations in the salinity record (Plates 33-62). Succes-

sively sampled tides 1, 10, 28, and 48 define the high-spring, neap,

low-spring, and neap salinity variations. The "neap-spring" effect was

noticed in most stations throughout the model in varying degrees.

Good examples of strong neap-spring variations are sta CB-01-09 and

PO-06-01 (Plates 35, 36, 53, and 54). Sta CB-01-09 is an example of a

station that shows the variations at all depths in the profile. This

station also illustrates the response of higher amplitude tides causing

a mixing of the profile with successive lower amplitude tides serving to

increase the stratification. Figure 14 covers lunar days 1932-2040 at

sta CB-01-09 showing the salinity changes with tide amplitude. This
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trend was noticed in many stations throughout the bay.

65. At some stations, neap-spring variations were observed at

isolated depths in the profile. Sta PO-06-01 shows strong variations in

the surface and bottom depths but very little at the middepth. Some

stations show strongest variations in the surface depths (CB-06-04,

Plates 41 and 42) while others largely in the bottom depths (CB-02-08,

Plates 37 and 38).

66. The magnitude of neap-spring variations at stations which

show this response appear to be discharge-dependent. This occurs due

to change in the vertical salinity gradient that accompanies varying

discharges. Vertical salinity gradients tend to be greater during

periods of high flow thereby causing a greater tendency to show neap-

spring changes in stratification. This response is noticeable in the

time-history plots for sta CB-O1-09 and PO-06-01 (Plates 36 and 53).

The increase of variations with increase in discharge is apparent at

most stations showing neap-spring variations. There are occasions, how-

ever, where the magnitude of neap-spring variations are inversely pro-

portional to discharge. Sta GR-01-01 (Plate 47) is an example of this

response. During high-flow periods, the station is not located in

a highly stratified portion of the estuary; but as discharge decreases,

the intrusion of salts brings a more stratified condition to the sta-

tion. A detailed examination of neap-spring interaction is not within

the scope of this report but should be pursued.

67. The closeness and strength of a particular boundary to a

sampling station also have an effect on the salinity response of that

station. This closeness manifests itself differently in the data, de-

pending on the type of boundary condition. Upper bay tributary stations

respond to high-flow conditions by feeling the influence of the dominant

flows of the Susquehanna River. During low flows, stations in the

tributaries respond more directly to the discharge of their individual

river. An example of this phenomenon occurs in the Chester and Choptank

Rivers. Both rivers are very similar hydrodynamically in that they are

relatively wide, shallow Eastern Shore rivers with low freshwater dis-

charges and similar tidal characteristics. Both rivers respond to
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hydrographic changes in a similar fashion during low-flow periods but

quite differently during high-flow periods. The Chester River shows a

marked increase in stratification that is not noticed in the Choptank

River. Sta CH-01-01 (Chester) and C-01-01 (Choptank) illustrate this

point (Plates 33, 34, 45, and 46). The dissimilarity is caused by the

relative closeness of the Chester River to the dominant high flows of

the Susquehanna River. The Choptank River is far enough from the Susque-

hanna so that the Susquehanna's influence is not as great as it is in

the Chester. This dominance of the Susquehanna flows during high-flow

conditions affects a large number of upper bay stations. This same

phenomenon presents itself in other portions of the bay, especially where

the unequal discharges of branched rivers are close to individual

sampling stations.

68. The closeness of the saltwater boundary to the salinity sta-

tion is also important in the salinity response of a station. Lower bay

stations in proximity to the model ocean reflect a certain amount of

the forced response of a constant salinity boundary condition. This

is illustrated at sta CB-01-09 near the mouth of the bay (Plates 35

and 36) in that aside from neap-spring variations, bottom salinities re-

main fairly constant throughout hydrographic changes in the bay. Con-

stant salinity in the bottom layers at sta CB-01-09 reflect the boundary

control in the model ocean which was maintained at a constant salinity.

Other stations in the lower bay, although not depicted within this re-

port, exhibit the same type of salinity response based on their closeness

to the saltwater boundary condition.

Consumptive Losses

69. An analysis of the salinity data for the 32 representative

stations indicates that throughout the model, the projected "consumptive

losses" for the year 2020 have a quantifiable although variable impact

on the salinity structure of the bay. The impact of the consumptive

losses varied from station to station, depending on the closeness of

local freshwater or salinity boundary conditions and on their individual
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hydrodynamic characteristics. Within a single station, the effects of

consumptive losses quite often varied with the hydrographic season, high-

flow periods showing less salinity differences between tests than low-

flow periods. Salinity profiles presented in Plates 63-110 display the

vertical structures during both the Base and Future Tests of 15 select

stations. These 15 stations represent a large range of conditions that

may be observed in the prototype. However, before predictions of how

the bay will respond to consumptive losses can be made, the data from

the remaining representative stations should be reviewed. Such a re-

view was conducted, although the other data are not presented herein.

70. In general, the vertical structure at each station is similar

in the Base and Future conditions. This should be expected if the

boundary control of both tests was repeated and the degree of inflow

suppression between tests was as small as designed. There are, however,

subtle differences in structure between stations. To get a proper

picture of how consumptive losses affect the bay, it is perhaps best to

discuss groupings of stations with similar hydrodynamic properties.

71. Salinity profiles for sta CB-01-09, CB-02-08, and CB-04-05 are

presented in Plates 95-110. These stations are representative of

stations in the lower to mid-bay regions. All three stations show

structural similarity between tests with the effects of consumptive

losses felt equally throughout the water column. This is thought to be

a typical response of main bay stations due to the remoteness of the

stations from the inflow points and the buffering capacity of the large

main bay volume. Sta CB-01-09 behaves somewhat differently than

sta CB-04-05 and CB-02-08 because of its closeness to rhe ocean salinity

boundary. This is manifested by bottom salinities for both tests being

nearly equal, reflecting the constant nature of the ocean source salinity.

Salinity differences for these three stations do not show strong seasonal

changes and average approximately 2 ppt saltier throughout the water

column in the Future Test.

72. Salinity profiles for sta R-03-01 and Y-05-01 are shown in

Plates 79-94; these stations are from the Rappahannock and York Rivers,

respectively, and are examples of higher discharge western shore rivers.
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Both stations show similar responses to the effect of consumptive losses,

on the order of I to 2 ppt saltier in the Future Test. Sta Y-05-01 shows

a stronger structural difference between high and low flows; however,

sta R-03-01 might have shown a similar response if a 4-ft-depth sample

was taken.

73. Salinity profiles for sta PO-06-01, P0-02-02, and P-04-01 are

presented in Plates 63-78. Sta PO-02-02 and PO-06-01 are from the

Potomac River which is a very high discharge river. Both stations show

complex structural changes from high to low flows which are consistent

in both the Base and Future Tests. The effect of consumptive losses on

these Potomac River stations is somewhat more complex than that observed

in other stations; however, on the average these appear to be approxi-

mately 2 ppt saltier in the historical portion of the Future Test. The

differences between the Base and Future Tests decreased somewhat in the

modal years.

74. Sta P-04-01 is from the Patuxent River which is a case of a

river having a higher freshwater discharge due to wastewater loading

in the Future condition. Even though the freshwater gain is very small

(Plate 12), its effect is noticed in the data (particularly at the

surface). There is generally a slightly greater salinity gradient in

the upper 20 ft of the water column during the Future Test with some

crossover of salinity values making the Future Test fresher at the

surface. Lower depths do not show a freshening in the Future Test

because the relative strength of the main bay salinity boundary condi-

tion is increased in the Future Test.

75. Sta CH-01-01 and C-01-01 are from the Chester and Choptank

Rivers, respectively, and their salinity profiles are given in Plates

63-79. Both stations react similarly to the Potomac stations in that

their surface salinities are similar between tests during high-flow

conditions but diverge during low-flow conditions. Differences in con-

sumptive loss response between high- and low-flow conditions could be

due to localized mixing differences. Both rivers, however, are large in

volume when compared with their discharges so their response to

consumptive losses is more indicative of boundary condition changes at
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their mouths than their own freshwater boundary. This is particularly

true in the Chester due to the closeness of the Susquehanna River and

its dominant flows.

76. Sta SA-02-Ol, GR-Ol-Ol, and PR-03-O are from the Sassafras,

Gunpowder, and Patapsco Rivers; all are considered low-discharge rivers

and are located in the upper bay. The three stations from these rivers

exhibit the classical response to changes in flow conditions (Plates

79-94). During periods of high discharge the water column is more strati-

fied with smaller differences between Base and Future Tests. Periods of

low discharge provide a water column that is better mixed with larger

Base to Future differences. The Susquehanna River is the dominant fresh-

water input for these stations, so Base to Future differences in salinity

can be associated largely with consumptive losses of the Susquehanna

River. On the average, consumptive losses resulted in a I to 2 ppt

saltier Future condition.

77. Sta CB-06-04 and CB-08-O are examples of upper main bay

stations that strongly show the influence of the Susquehanna River

(Plates 95-110). Sta CB-08-O is entirely fresh during high-flow

conditions and well mixed during low-flow conditions. Consumptive losses

resulted in a 2 to 3 ppt saltier profile in the historical portion of the

Future Test. During the modal years, the Base to Future differences

average 1 to 2 ppt saltier in the Future Test.

78. Sta CB-06-04 has substantial data losses; however, existing

data indicate that this station is highly sensitive to the flows of the

Susquehanna. This station shows one of the sharpest salinity gradients

(during high-discharge periods) observed of the 32 stations studied and

it was noticed in both the Base and Future Tests. Data coverage during

the historical period shown is spotty, but the modal years indicate that

on the average consumptive losses resulted in a 2 ppt saltier Future

condition.

Dynamic Normalcy

79. Another objective of the LFIS is to determine the amount of
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time required for the bay to return to a state of dynamic salinity

equilibrium for an average year, after several years of drought condi-

tions. The opportunity to observe this phenomenon presents itself in

the series of identical modal hydrographs implemented following WY 1966

in the Base Test or its equivalent in the Future Test. In the Base

Test, this modal hydrograph was repeated four times giving ample oppor-

tunity to compare values from successive modal years to determine when

salinity values from this portion of the test were repeated.

80. Expectations of repeatability must be tempered somewhat

because of the incompatibility of lunar-day-based sampling times and

solar weekly stepped hydrographs. A water year contains 52 solar weeks

or approximately 351.7 lunar days; this is 12.56, 28-lunar-day tide

cycles. Thus, if the first and second modal years are compared, compar-

able tide samples occur about two weeks apart and consequently on dif-

ferent hydrograph steps. The closest approximations to identically

sampled modal hydrographs available in this test are comparisons between

modal year 1 and modal year 3 and between modal year 2 and modal year 4.

In this instance, analogous samples are only 3.5 days apart and may occur

on the same hydrograph step but also may occur on a different hydrograph

step. In the case of the LFIS, the first slack-after-flood sample was

taken on tide 48, lunar day 1424, which was on hydrograph step 2 in the

first modal year. Seven hundred lunar days later on lunar day 2124 the

comparable tide occurred on hydrograph step 1 of the third modal year.

Thus, when we compare the first and third modal years we are comparing

samples taken on different hydrograph steps with different freshwater

discharge conditions for tide 48. The same is true of the next sampling

on tide 1. Lunar day 1428 occurs on hydrograph step 3 in the first

modal year while the comparable tide occurs on hydrograph step 2 of the

third modal year. Tide 10 sampling occurs on hydrograph step 3 of both

modal years and tide 28 sampling occurs on hydrograph step 4 of both

modal years. Thus begins a cycle of two samplings--one hydrograph step

removed and two samplings on the same hydrograph step but removed by

3.5 days.

81. Even with the discrepancies indicated by moving the inflow
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changes with respect to the tide, there is a point when comparing the

first and third and second and fourth modal years where the differences

in salinity become minimal and fall, for the most part, within an arbi-

trary error band which has been set at 1 ppt. Plates 111-115 show

time-history plots of differences obtained by subtracting the consecu-

tive salinity values of modal years 1 and 2 from the corresponding

values in modal years 3 and 4. A relatively short time was required to

bring difference values within the expected range. The differences that

occurred when comparing the last portion of modal year 2 to 4 was due

to a boundary control problem.

Data Set

82. One of the more important aspects of the LFIS was the creation

of a large data set. Only a small portion of the available data was

used for analysis in this report. The complete data set consists of

more than 3 million data points including 1/2 million values of salinity,

spanning four water years of record, four projected drought years, and

seven modal hydrographs. This data set is available to the public for

use in any way compatible with its limitations. The model staff can

provide help in interpreting the data with regard to test procedures and

measurement accuracy.

General

83. In drawing conclusions about the LFIS from the data presented

in this report, it is necessary to maintain a realistic perspective of

the model and its capabilities and, conversely, its limitations. The

Chesapeake Bay model is the largest facility of its kind in the world,

the sampling systems are largely automated and rapid, and the possibili-

ties for collecting large data bases of nearly any kind of tidal or

freshwater discharge condition seem limitless. The LFIS is an example

of the great potential of the model, providing a large data base of more

than 3 million measurements including tides, current velocities, And
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salinity. The study took nearly a year to complete from the initial

preparation to the last day of testing. It is, however, the great size

of the data base that is the limiting factor in analyzing the results.

Quantitative or statistical overview of the study and comparison of tests

provide problems even for a computer with large central memory capacity

and rapid processing capabilities. It is for this reason that the

approach of this report is limited in scope.

84. As an initial probe into this large data base, 32 stations

were selected as representative of the main bay and its tributaries; and

these data were handled as though they were a complete test. It is

apparent that generally the data base must be approacned in this manner,

providing a series of reports dealing with various aspects of the drought

conditions and consumptive losses. The Base Test alone can provide much

information about the reponse of the bay during low-discharge conditions

and its rebound capabilities.

85. Several other factors must be considered in the analysis of

the data. One of these is the presence of the deepened Baltimore Harbor

and approach channels. These channels were deepened to 50 ft below mean

sea level for this test because the deeper channel is more likely for

Future conditions. This presents difficulties in comparing the results

with prototype data because differences in salinity intrusion were

noted as the result of deepening these channels, particularly in the

vicinity of the port of Baltimore, during the Baltimore Harbor and

Channels Deepening Study (Granat and Gulbrandsen 1982*).

86. While much time and effort were expended in providing correct

discharge values for the entire bay, positioning of the inflows in the

model is such that the true distribution of lateral inflows and in some

cases of smaller tributary inflows is not similar to the prototype. Many

inflows represent the combined freshwater discharges of numerous small

freshwater inflows and neglect their distribution within the subsystems.

The Nanticoke, York, Choptank, and Elk Rivers are primary examples of

unmodeled inflows at forks in the river, and the absence of freshwater

* Granat and Gulbrandsen, op cit.
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discharge from other main bay tributaries such as the Elizabeth, Back

(Virginia), Piankatank, Saint Mary's, South, Magothy, Back (Maryland),

Bush, and Sassafras and the combination of these flows in the discharges

of other major tributaries probably cause salinity distributions within

these areas that art not strictly comparable to the prototype. It is

not felt that combination of these inflows results in distortion of

salinities in the main bay. At the same time, providing the precisely

located STP inflows in detail probably has less significance to the

results than their inclusion implies.

87. Ocean salinity near the mouth of the bay in the prototype

varies greatly from season to season and is more reflective of the

freshwater discharge than the model's source salinity. In the case of

the LFIS, variations in source salinity during the beginning of Future

Test probably more realistically reflect prototype conditions than the

more constantly maintained Base Test source salinity.

88. In spite of these difficulties, however, much information can

be gleaned -om the salinity measurements, although some reservations

must be kept in mind. Salinity structure within profiles is of great

importance in interpreting the data. It can be seen from the profile

plots that structure may change considerably from high- to low-flow

conditions, but remains remarkably consistent between Base and Future

Tests. In general, it might be said that average salinities through a

profile maintained a 1 to 3 ppt difference. This, however, is a

dangerous generalization when it is the stations that do manifest

structural differences, which may be most important. It is the inter-

action of a large number of variables including salinity that determines

the impact of drought conditions on organisms. With this in mind it

is clear that statistical representations of a salinity distribution

must be carefully analyzed before they can be used to imply ecological

impacts. Each concern must be considered individually in combination

with other variables before any conclusions can be drawn in this regard.

89. Hydrodynamically, the distribution of salinity does say

something about the relationship of freshwater inflow to salt intrusion

and even further to mixing characteristics within the bay. Generally,
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as one might expect, a greater amount of freshwater in the bay causes

a decrease in the amount of saltwater in the bay, simply conservation

of mass, given equivalent water levels. Seasonal variations in inflow

seem to dominate the structural changes at all stations; however, subtle

changes in structure do occur with different tide ranges in a few sta-

tions. Time or vertically averaged salinity distributions are again

not considered relevant if biweekly neap-spring variations are to be

dealt with.

90. Finally, it should be noted that the frequency of sampling is

such that each sample is reflective of a different inflow condition as

well as a different tide condition. This further reinforces the im-

portance of recognizing the uniqueness of each sample.
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PART VI: CONCLUSIONS

Consumptive Losses

91. This test has shown that consumptive losses in general cause

a saltier bay. The magnitude and structural variations in salinity

response as a result of consumptive losses are dependent on the specific

hydrodynamic characteristics of a sampling area and its proximity to

freshwater or saltwater boundary conditions. On the average, however,

the 32 stations analyzed responded to consumptive losses with Z 1 to 3

ppt saltier Future condition. Model sensitivity and repeatability in

terms of salinity are thought to be approximately 1 ppt, but tne results

reported herein are consistent enough to suggest that the 1 to 3 ppt

difference is valid with little need to establish confidence limits. In

general, the vertical salinity structure was not affected by the con-

sumptive losses.

92. Quantifying the effects of consumptive losses will inevitably

lead to predictions on the expected ecological condition of Chesapeake

Bay. Prior to making such predictions based on this report, it is im-

portant to note that the analysis addressed data from only 32 test sta-

tions. Before the ecological ramifications of consumptive losses are

predicted from this data set, all 206 stations should be considered.

Dynamic Normalcy

93. Return to dynamic normalcy is apparently related to the dis-

charge characteristics of the tributary in question. High-discharge

rivers seem to fall within the normal range within 100 lunar days.

Sta PO-02-02 is an example of a high-discharge river (Potomac) which has

a very rapid response time (Plate 114). Sta R-03-01, on the Rappahannock,

shows a somewhat slower response time and is an example of a moderate

discharge river (Plate 115). The Choptank River is an example of a low-

discharge river on the eastern shore and sta C-01-01 takes approximately

150 lunar days to achieve dynamic normalcy (Plate 111). The main bay
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also seems to respond quickly to an increase in inflow. Sta CB-01-09

(Plate 112) reaches its normal level well within the 100 lunar days

required by the higher discharge rivers. Lag times associated with dis-

tances from inflow points are overshadowed by the influence of the rela-

tive magnitude of the river's discharge.

94. It is difficult to draw conclusions about dynamic normalcy

because the low-flow period immediately preceding the first modal year

is somewhat mitigated by a small but significant spike in inflow (see

Plate 1, week 208). This may have accelerated the model's return to

average flow conditions. Of major importance, however, is the indica-

tion that inflow perturbations to the system have only transient effects

on Chesapeake Bay and that within several months, depending upon loca-

tion, the bay can rebound from high saline conditions. In addition,

these comparisons give an indication of the high degree of repeatability

that can be achieved in the model which is an important consideration

when comparing tests with small changes in boundary conditions.
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Table 1

Sewage Treatment Plants

Name Latitude Longitude

A Back River STP 39017'33 '" 76028'55"

B Patapsco River STP 39012'03"1 76031'58"'

C Sparrows Point STP 39013'371 76029'30"1

D Arlington, VA STP 38050'30 ''  77003'25"

E Blue Plains STP 38049'00 '  77001'42"

F Alexandria STP 38047'44 ''  77003'38"1

G Piscataway STP 38042'12"'  77003'05"1

H Lower Potomac STP 38041'50" 77012'00 '

I Mattawoman STP 38036'53 ''  77007'52 '"

J James River STP 37004'35"l 76032'20"'

K Boat Harbor WTP 36037'30" 76024'48"1

L Lamberts Point Outfall 36052'58 '" 76024'00'

M Hampton Roads Little Creek STP 36056'35" 76010'17



Table 2

Lead-in Condition

Average Yearly Freshwater Inflow

Prototype Percent

Inflow Tributary Discharge, cfs of Total

1 Nansemond River 700 1.0

2 Chickahominy River 300 0.4

3 Appomattox River 1,000 1.4

4 James River 7,500 10.4

5 York River 2,750 3.8

6 Rappahannock River 2,940 4.1

7 Wicomico (Potomac) 426 0.6
River

8 Occoquan Creek 2,452 3.4

9 Anacostia River 602 0.8

10 Potomac River 7,964 11.0

11 Patuxent River 911 1.3

12 Severn River 239 0.3

13 Patapsco River 634 0.9

14 Gunpowder River 830 1.1

15 Susquehanna River 38,500 53.2

16 Bohemia River 400 0.6

17 Chester River 519 0.7

18 Wye River 196 0.3

19 Choptank River 845 1.2

20 Nanticoke River !,675 2.3

21 Pocomoke River 1,031 1.4

Total 72,414



Table 3

Salinity Stations

Model Depth Sampling Depths

Station (Proto Ft) (Proto Ft)

Big Annemessex R.
A-01-01 19 4, 17
A-02-01 7 4

Back R., Virginia
B-01-01 16 2, 15

Back R., Maryland
BN-01-01 7 4
BN-02-01 6 3

Bohemia R.
BO-OI-OI 9 4

Bush R.
BR-01-01 12 10

Choptank, R.
C-00-01 18 2, 16
C-00-02 54 2, 27, 52
C-01-01 70 4, 12, 22, 42, 62
C-02-01 31 4, 12, 27
C-03-01 14 4, 11
C-04-01 29 2, 15, 27

Chesapeake Bay
CB-00-01 59 4, 12, 22, 32

02 68 4, 22, 32, 52, 68
03 42 4, 22, 32
05 20 4, 12, 17

07 21 4, 12, 18
08 49 4, 22, 42
09 17 3, 7, 14

CB-01-01 16 4, 16
03 27 4, 14, 27
05 52 4, 22, 50
07 28 4, 12, 27
09 77 4, 22, 42, 62, 72

CB-02-02 26 4, 12, 25
04 36 4, 22, 32
06 42 4, 22, 42
08 59 4, 32, 57
10 28 4, 12, 27

(Continued)
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Table 3 (Continued)

Model Depth Sampling Depths
Station (Proto Ft) (Proto Ft)

Chesapeake Bay (Continued)
CB-03-01 38 4, 22, 38

03 68 4, 22, 32, 52, 68
1 04 71 4, 22, 32, 52, 62

06 42 4., 22, 37

CB-03-08 27 4, 12, 18
10 61 4, 12, 32, 42, 57
11 21 4, 15

CB-04-01 36 4, 22, 32
03 65 4, 12, 32, 52, 62
04 103 4, 22, 52, 72, 92
05 102 4, 22, 52, 72, 97
06 26 4, 12, 22
07 18 4, 16

CB-05-02 37 4, 22, 32
04 65 2, 12, 32, 52, 62
05 109 4, 32, 52, 82, 109
06 25 4, 12, 20

CB-06-OIA 55 2, 28, 53
01 22 2, 20
03 2, 12, 32
04 37 2, 22, 37
05 20 2, 19

CB-07-01 15 5, 10
03 34 2, 12, 29
04 24 2, 12, 22
05 46 2, 22, 38

CB-08-01 21 4, 11, 20
02 6 3
03 9 5
04 16 4, 15

Chesapeake & Delaware
Canal
CD-O1-01 39 4, 20, 38

Chester R.
CH-O0-01 22 2, 11, 20
CH-00-02 28 2, 14, 2b
CH-O-O1 55 4, 32, 52

(Continued)
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Table 3 (Continued)

Model Depth Sampling Depths
Station (Proto Ft) (Proto Ft)

Chester R. (Continued)
CH-02-0 25 4, 12, 24
CH-02-02 30 4, 14, 26

CH-03-01 18 4, 11
CH-04-01 49 4, 22, 44
CH-05-01 11 2, 9

Elk R.
E-01-O1 20 4, 12, 18
E-02-01 10 4, 8

Eastern Bay
EB-01-O 58 2, 29, 56
EB-01-02 27 2, 14, 25

Fishing Bay

FB-01-01 21 2, 11, 19

Great Wicomica R.
G-01-01 19 4, 14, 17

Gunpowder R.
GR-01-01 22 2, 12, 22

Hooper Island
H-01-01 10 2, 8

James R.
J-01-01 16 1, 13

02 52 1, 23, 43
03 81 1, 13, 23, 43, 72

J-02-01 14 1, 13
02 26 1, 13, 23
03 50 1, 23, 43

J-03-0l 20 1, 13, 20
02 21 1, 13, 20

J-04-01 19 1, 19
02 20 1, 13, 20

J-05-0l 23 0, 13, 20
02 41 0, 20, 39

J-06-01 25 3, 13, 23
J-07-01 30 3, 13, 28
J-08-01 30 5, 15, 25
J-09-O1 31 2, 16, 29

(Continued)
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Table 3 (Continued)

Model Depth Sampling Depths
Station (Proto Ft) (Proto Ft)

James R. (Continued)
J- 10-01 26 2, 13, 24

Little Choptank R.
LC-01-01 17 4, 12
LC-02-01 22 4, 12, 21

Magothy R.
MA-01-01 21 4, 12, 18
MA-02-01 18 4, 15

Mobjack Bay
MB-01-01 16 0, 13

02 20 0, 20
03 20 0, 20

MB-03-01 25 0, 13, 20
MB-04-01 24 13

Miles R.
MI- 01-01 38 4, 22, 32
MI-02-01 12 4, 12

Manokin R.
MN-01-01 9 4
MN-02-01 9 5

Middle R.
MR-01-01 9 2

Nanticoke R.
N-01-01 27 4, 12, 24
N-02-01 14 4, 12
N-03-01 14 4, 12

North East R.
NE- 01-01 13 4, 11
NE- 02-01 9 4

Patuxent R.
P-01-01 44 4, 22, 40

02 56 4, 32, 52

P-02-01 27 4, 12, 22
02 80 4, 22, 42, 52, 62

P-03-01 28 4, 12, 22
P-04-01 38 4, 22, 32
P-05-01 13 4, 12

(Continued)
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Table 3 (Continued)

Model Depth Sampling Depths

Station (Proto Ft) (Proto Ft)

Patuxent R. (Continued)

P-06-01 27 4, 12, 22

Potomac R.
PO-01-01 28 2, 12, 22

02 40 2, 22, 37
03 42 2, 22, 40
04 54 2, 32, 50

05 32 2, 12, 31

PO-02-01 34 2, 22, 30
02 60 2, 12, 32, 42, 60
03 34 2, 22, 30

PO-03-01 62 2, 12, 32, 42, 57

02 39 2, 22, 36

PO-04-01 30 2, 12, 22
02 42 2, 22, 42

PO-05-01 16 2, 12
02 20 2, 19
03 26 2, 10, 19

PO-06-01 64 2, 12, 22, 42, 62
PO-07-01 20 2, 12

02 24 2, 12, 21
PO-08-01 11 1, 6

02 20 4, 18

PO-09-01 13 2, 13
02 24 2, 11, 21

PO-10-01 30 2, 12, 28
02 30 2, 12, 22

PO-11-01 33 2, 12, 32
PO-12-02 61 2, 12, 32, 42, 52
PO-13-02 26 2, 12, 25

P0-14-02 22 4, 12, 22
PO-15-01 47 4, 24, 47
PO-16-01 9 4

Piankatank R.
PI-01-01 23 4, 12, 20

Poquoson R.
PQ-01-01 16 3, 10
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Table 3 (Continued)

Model Depth Sampling Depths
Station (Proto Ft) (Proto Ft)

Patapsco R.
PR-O-O1 16 2, 14

02 17 2, 14
03 54 2, 32, 53

PR-02-01 17 2, 14
02 53 2, 22, 52

PR-03-01 53 2, 22, 52
02 23 3, 12, 22

Pocomoke Sound
PS-01-01 8 4
PS-02-01 14 2, 12

Rappahannock, R.
R-01-01 30 1, 13, 30

02 36 1, 20, 33
R-03-01 60 1, 13, 26, 46, 59

02 24 1, 13, 20
R-05-01 27 1, 13, 26

R-06-01 19 1, 19
R-07-01 19 1, 18
R-08-01 24 1, 13, 20
R-09-01 16 1, 16
R-10-01 26 1, 16, 26

R-l1-01 47 2, 24, 45
R-12-01 42 2, 21, 40

R-13-01 31 2, 16, 29

South R.
S-01-01 17 4, 12
S-02-01 18 4, 17

Sassafras R.
SA-O-O 15 4, 14
SA-02-01 38 4, 22, 37

Severn R.
SE-O-O 20 4, 18
SE-02-01 29 4, 12, 21

02 24 2, 12, 22

Susquehanna R.
SU-01-01 16 0, 13

02 28 11, 19, 26

(Continued)
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Table 3 (Concluded)

Model Depth Sampling Depths
Station (Proto Ft) (Proto Ft)

Tred Avon R.
TA-O-O 26 4, 12, 23
TA-02-01 20 4, 14, 19

Tangier Sound
TS-01-01 2 2

02 41 2, 21, 39
03 5 3

Wye R.
W-01-01 57 4, 32, 51
W-02-01 23 4, 12, 21
W-03-01 15 4, 12

Wicomico R.
WI-01-01 13 4, 11

York R.
Y-01-01 37 3, 23, 33

02 56 5, 25, 54
Y-02-01 72 4, 14, 34, 54, 69
Y-03-01 18 9

02 30 3, 13, 30

Y-04-01 17 3, 11
02 37 12, 18, 25

Y-05-01 30 4, 14, 26
Y-06-01 28 4, 14, 24
Y-07-01 18 4, 17

02 15 4, 14
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Table 4

Salinity Data

6MINITV (PPT)
STOTIOHI C-0-O-

HIGH FLOW LOW FLO.
LU DAY DEPTH 6ASE FUTUR1E FUTURE -BAS6 LU NARDA KPT ROSE FUTUE FUTURE-BASE

589 4 15.5 IS.? 6.2 6 4 16.8 17.4 8.6
12 16.6 18.3 I,? 12 16.9 17.6 V.7
22 16.7 18.2 1.5 22 17.1 17.8 .7
42 16.9 18.3 1., 42 17.2 1i6.1 6.9
62 16.6 18.3 1.? 62 17.3 -

518 4 11.1 18.9 -6.2 696 4 16.9 17.2 .3
12 16.3 17.4 1.' 12 17.a 17.4 6.4
22 16.4 18.8 t.6 22 17.7
42 14. 42 17.6 18.2 8.4
62 16.3 18.2 1.9 82 17.8 18.8 J.8

528 4 7.8 7.7 -8.1 7" 4 16.2 to,8 I':
12 11.2 13.1 1.9 12 17.3 18.2 a'

22 13.9 16.3 2.4 22 17.1 18,2 I
42 15.4 17.7 2.3 42 17.5 -
62 15.4 17.9 2.5 62 17.6 16 .5 8.7

532 4 8.8 8.9 8,5 705 4 17.6 17.4 -8.2
12 18.9 12 6 I.7 12 17.6 - -

22 13.5 14 6 1 I 22 17.9 19.2 0.3
42 15.8 16 3 1 3 42 17,9 -
62 15.1 16.7 1.6 62 17.9 18.5 9.6

892 4 157 135 4 1.1 16.9 .

12 185 12 16.2 17.6 1.4
22 18.5 22 16.7 17.7 1.8
42 19.6 42 16.7 17.9 1,2
62 18.7 62 16.9 17.9 1.1

896 4 16.6 1368 4 14.6 16.8 2.2
12 17 12 15.3 17.5 2.6
22 18 I 22 17. 16.3 1.2
42 18 4 42 17.2 18. 1.3
62 19,2 62 17.5 18.6 1 .1

901 4 159 1372 4 16.8 17.7 1.7
12 N17 12 16.9 19.1 1.2
22 1.6 22 17.8 18.2 1.2
42 17.8 6 42 17.2 18.5 :3,
62 17.6 62 17.5 16.8 1.3

91, 4 , 159 1377 4 16.2 11'.3 1,1

12 17 12 17.1 17.9 8.8
32 73 22 17.1 18.3 1.2
42 1? 6 42 17.3 18,7 1.4
62 17.4 . 62 17.5 18.0 1.3

1582 4 12.61 11.6 5. 1741 4 15.8 5.4 8.4
12 14.6 15.5 8.9 12 15.3 16.2 8,9
22 14.6 14.8 8.2 22 15.5 16.4 8.9
42 14.7 15.6 a.9 42 15.6 16.9 1.2
62 14.7 14.9 8.2 62 1M.8 16.7 8.9

1592 4 1 o., 175 4 14.9 16.3 164
12 13.8 14.1 9.3 12 15.7 16.8 1.1
22 14.4 15.1 8.7 22 16.8 1,.8 1.8
42 14.6 15.5 8.9 42 16.1 17.1 I.1
62 14.6 15.4 9.8 62 16.2 17.4 1.2

1596 4 18.8 18.7 -8.1 1768 4 14.7 -
12 13.1 13.5 .4 12 16.2
22 13.7 14. 5 8.8 22 16.3 I
42 14.1 15.2 1. 1 42 16.
62 14.1 15.1 1.8 62 16.7

181 4 18., 10.3 8.2 1764 4 1'5.9 17.8 
12 12.4 13.3 8.9 12 16.3 17.4 I I
22 13.8 14. 1 '.1 22 16.3 17.2 89
42 13.4 14.4 1.8 42 16.6 17.9 13
62 13.5 14.4 8.9 62 16.5 17.8 t, 3

2292 4 9.4 8.6 -8.8 24H 4 14.7 16.2 I.5
12 13.4 12.8 -8.6 12 15.3 16.6 3
22 13.6 15.6 1.2 22 14.9 16.7 I .
42 14.8 19.4 1.4 42 13.2 16.9 1.9
62 14.8 15.5 1.5 62 15.9 17.1 t.2

2296 4 99 9. -8.3 2468 13.7 16.2 2.5
12 13.1 138 -8.1 12 15.8 17.1 1.3
22 13.2 14.3 .,1 22 5.9 17.1 1.2
42 13.5 14.2 8.7 42 16.2 17.4 1.2
62 13.5 14.6 1.3 62 16.2 17.4 1.2

2381 4 9.2 8.9 -8.3 2464 4 11.8 16.6 1.6
12 22. 13. . 12 15.8 17. 11
2 N 1.6 13. 1.3 32 IS.9 17.1 1.2
42 12. 13.8 8.? 4 16.2 17.3 1.I
62 2.8 14.8 1.1 6 16.2 17.5 1.1

233u 4 9.9 8.5 -8.4 2469 4 15.4 16.6 I.?
12 12.1I 12.6 .5 12 IS. 11.2 1.3
22 12.3 13.6 1.3 2: 1A.6 11.3 1.3
. 1.5 14.8 1.5 .12 16.4 17.5 1.
2 12. 13.7 1.1 62 I 1,4 17.5 1.

(Continued)
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Table 4 (Continued)

6SA4. ITY13 (PPT)
TAT Li CE-01-09

HIGH FLOW LO FLOW

LIOR DAY 069PT4 89SE FUBJRE FUTJff-BASE LUNAR
9 

DAy DEPTH BAsE FUTURJE FUTIJRE-BASE

589 4 23.3 24.9 1.9 686 4 22.7 25.3 2.6
22 24.1 26.8 (.9 2. 23.7 26.0 2.3
4.2 25.7 2. 7 2.8 42 26.5 28 7 2.2

62 27l. 29.4 2.4 62 28.8 29.6 .6

72 27.4 w S 72 30 38. S

518 4 21.4 22.9 1.5 69b 4 22 6 24.9 2.
22 22.1 20.9 1.8 22 24.9 26.6 I

42 23.2 25,3 2. 1 42 277 29 9 2.2
62 25.3 29.2 3.9 62 29 6 30.5 8.9
72 28.7 a S 72 29.6 31.H 1 4

528 4 18.9 21.4 2.5 780 4 24.5 25.6 3
22 21.7 23.4 1.7 22 26.8 28.7

42 24.8 27.8 3.8 4 2 2 29.
62 29.6 31.1 I 5 62 28.9 30.3 1.4

72 38.2 7 s 72 30.2 38.7 8.5

532 4 28.2 21.9 1.7 785 4 23.' 25.4 2.:

22 23.3 25.7 2.4 22 24.' 27.2 2 5
42 25.3 27.3 2.0 42 .an 29.6 a-

62 26.6 -fitS 62 28.5 38.3 I 8

72 29.3 7 S 72 29.8 39.5 15

892 4 21.6 S W 1358 4 22.9 24.0 ,1
22 23.5 .n. '.. 22 24.1l 29.0 0.9

42 25. ; .f IS 42 26.7 2'.4 .'
62 29.7 t S62 27.8 284 8.6

72 38.4 7 fit 72 34.8 29. -8.3

896 4 22.9 Sw Sn 1368 4 1. 5 23.5 2.!

22 25.8 S tt 22 24.5 25.2 9.

42 26.5 S ' 42 27.4 26 5

62 27.5 ' S 62 29.9 29.4 -6.5
72 29.3 Sw 72 38.4 29.9 -0 5

981 4 22.2 22.3 9.1 1372 4 23.6 25 .5

22 23.9 23.3 -8.4 22 26.5 27 (.2

42 25.7 25.7 9.8 42 27.5 28.7 1.2
62 27.3 27.8 8.5 62 28.5 29.2 0.'

72 27.6 28.3 9.7 72 28.5 29 4 e 9

918 4 21.3 21.6 0.3 1377 4 23.3 24 7 1.4

22 22.9 23.1 8.2 22 2!.2 26.3 1.

42 24.9 254 86 42 2:2 26.6 4
62 27.4 28.3 8.962 28. 1 29.3 (.2
72 30.8 38.8 8.8 72 29.3 29.3 :.0

1582 4 28.3 21.9 1.6 1741 4 22.8 22.5 0.5
22 21.9 23.4 1.6 22 23.9 25.3 1.4

42 24.2 25.8 1.6 42 26.1 28.3 2.2

62 28.9 29.9 9.7 62 27.4 28.8 1.4

72 38.2 38.7 9.6 72 28.9 29. : :. 1

1592 4 (8 1, (750 4 22.3 22.6 95

22 21.2 S 5S* 22 23.3 24.9 (.5
42 25.8 26.2 I 2 42 26.1 27.8 (.7

62 36,6 - fitS 62 27.8 29.9 2

72 38.9 - S 72 38.6 30.6 .6

1596 4 19.5 S tt 1768 4 21.7 Sw -t

22 22.6 tt 22 24.2 29. .5
42 25.2 26.1 6.9 42 26.5 29.5 3.9

62 27.5 S tttt 62 27. 7 38.5 2.9

72 29.7 - S 72 31.3 31.e -8.3

1681 4 19.3 28.5 (,2 1764 4 23.5 22.1 - .4
22 21.6 23.2 (.6 22 26.5 2?.3 08

42 25.8 ** t 42 28.1 St'S *SS
62 26.3 27., 8.8 62 28.9 tts fitS

72 27.7 8.3 8.6 72 29.2 29.5 0.3

2292 4 (8.7 -itS fit1 2458 4 22.4 23.3 0.3

22 21.3 24.9 3.6 22 23.5 a' Sa

42 24.9 27.8 2.9 42 26.1 29.3 2.2

62 38.6 38.7 8. 62 27.7 29.5 1.8

72 38.9 31.2 8.3 72 382 30.7 0.5

2296 4 29.9 55 fitS 2468 4 21.6 22.9 1.3
22 23.2 25.5 2.3 22 23.7 St'S 555

42 24.5 27.2 2.7 42 27.4 29.4 2.8

62 27.6 28.9 1.3 62 39.5 39.9 0.4

72 29.8 38.8 8.2 72 38.7 32.2 8.5

2301 4 19.3 w - 2464 4 23.2 24.5 (.3

22 22.5 23.9 1.4 22 38.2 28.8 2,6
42 24.2 2.8 2.3 42 27.4 28.4 2.8

62 28.8 27.8 1.8 62 28.2 . 8 1 (.8
72 27.7 28.2 a.5 72 28.4 38.8 8.6

2310 2 1.3 - , w,,. 2469 4 22.8 24.2
22 2. 21.0 1.3 22 2,2 23.3 ',
.2 2.2 :'LU 2,8 ..2 23.3 723 2.1

11.740, ;2 27.8 23.4 .

2 ..,4 1.0 0.. .2 22.1 32.2 (.

(Continued)
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Table 4 (Continued)

SALINITY (PPT)
STaTION: cB-2-0O

"I9G3 FLaiJ LOW FLOW
,16A DAY DEPTh BASE FUIJRE FUISRE-e6SE LUNR SAY D6PTH BASE FUTURF FUTURE-BASE

589 4 19.4 21.2 i.e 686 4 19.9 21.8 2.6
3 24.6 27.4 2.6 32 23.4 27.9 2.5
57 26.9 29.6 2.9 57 27.3 29.2 1.9

S9 4 .. 19.3 1.2 696 4 28.2 22.1 1.9
32 23.9 25.9 2.3 32 26.6 27.9 .3
57 26.6 29.6 3.6 57 29.3 36.5 1.2

52A 4 16.6 17.3 1.3 788 4 21.3 22.4 1.1
32 23.4 23. 2.2 32 26. 29.2 2.i
3? n.e 31.9 3.1 57 2.9 36.4 1.5

532 4 13.4 16.6 1.4 705 4 21.2 22.7 V5
3 23.9 27.2 3.3 32 26.6 2.3 I 7
57 26.6 32.6 3.4 57 27.7 93 6

992 4 19.3 28.9 1.5 1359 4 19.8 216 1 .2
32 25.1 23.6 6.3 22 22 2 26.9 .7
37 39.6 29.7 -6.3 57 2s ,3 26.3 6.6

696 4 19.7 29.4 .? 1369 4 2. 1 26.7 0.6
32 25.2 23.8 6.6 32 26.6
57 29.5 29.5 a6.6 57 29.6 25.2 -4.4

981 4 19.3 26.3 1.6 1372 4 29.5 21.6 ,1
32 25.9 26.3 9.4 32 26.3 27.9 .5
57 2.2 29.3 e.1 57 29.5 29.9 6.4

910 4 19.2 19.3 1.1 1377 4 20.6 22.2 :.4
2 24.9 25.6 6.9 32 26.3 27.6 1 .3
57 29.3 2,.6 B .1 57 29.2 29.7 8.5

1582 4 L7.7 I19.9 .. 1741 4 19.7 29.2 6.5
32 24.4 26.9 2.4 32 26.6 29., .5
57 26.6 29.3 5.7 57 28.4 29.7 I 3

1592 4 17.8 1?.7 -9. 175 4 '9.9 29.4 016
32 23, 1 25.7 2.6 32 25.9 27.1 .1
57 29.7 31.3 1.6 57 29.6 36.9 1.4

1596 4 16.6 16.1 1.5 1766 4 19.1 29.4 1.3
32 19.4 26.3 6.9 32 25.6 29.4 2.9
57 36.9 a 57 38.1 38.6 8.7

1661 4 16.2 17.5 1.3 1764 4 26.1 22.2 2.2
32 23.6 26.9 1.9 32 25.9 27.6 .7
57 29.5 29.5 1.6 57 29.2 36.4 1 .2

2292 4 16. 127.4 1.4 2459 4 19.2 19.7 6.5
32 24.2 25.1 9 32 25.5 27.9 1.3
37 36.3 36.2 -9. 57 298.4 29.9 8.5

2296 4 16. 1 17.2 111 2466 4 1.9 19.9 1.1
32 23.6 26.9 2.9 32 3.9 27.4 1.6
57 29.7 3.3 6.6 57 29.7 36.2 6.3

3 01 4 15.? 16.6 2.2 2464 4 19.? 26.7 1.8
3 24.2 26.5 2.3 32 23.9 27.5 1.6
57 26.2 29.1 0.9 37 23.2 29.9 6.7

231 4 14.5 166 2c.5 2469 4 9.4 E1. .3
32 23.5 26.1 2.5 32 23.2 2,.-
57 26.3 30.5 4.2 r ; ., .

(Continued)
(Sheet 3 of 15)



Table 4 (Continued)

SLIN] TY (PPT)
STATION: cB-04-05

014H FLOW LOW FLOW
DAY DEPT" BOSE FUTIR FUTh01-9ASE L~JOO DAY EPTh BASE FUTft FUT 0-BSE

589 4 16.0 66 £ 17.9 19t. .t
22 17.8 a 22 16. 2.6 2.1
52 20.6 a a 32 20.4 22.? 2.3
?2 26.7 a a 72 20.9 24.4 3.6
97 21. 9 23.2 1.3 9? 22.9 26.0 3.1

S1 4 10.2 a a 696 4 17.9 a a
22 16.1 a a 22 19.3 a
52 19.2 a a 52 ai a a
72 29.2 a a 72 22.6 24.3 2.3
97 21 . 23.2 1.4 9? a 29.0

520 4 7.1 700 4 26.6
22 J3.0 a a 22 19.5 21.5 2.8
52 19.6 52 20.8 22.? 2.?
72 26.2 a 1l 72 21.9 23.9 2.0
97 20.9 22.6 1.7 9? 22,6 25.6 3.0

522 4 7,6 a a 65 4 26.6 a
22 14.7 22 - 21.5 a
52 52 21.0 22.9 1.6
72 19.2 a a 72 21.6 23.0 2.
97 20.5 22.6 2.1 97 - 29.5 a

592 4 15.2 16.7 1.5 1359 4 16.5 16.4 1.5
22 10.2 19.2 1.6 22 19.8 19.9 9
52 29.4 21.2 0.0 52 20. 21.3 9.5
72 22.0 22.6 0.6 72 22.4 23.4 1.8
97 22,7 23.6 1.1 97 23.7 25.4 1.7

696 4 i4.9 16.6 1.? 1368 4 16.0 15.9 -8.9
22 10.1 19.3 1.2 22 19. 1 19,6 0.552 20.0 21. 1.0 52 28.9 a
72 21.3 22.1 0.0 72 23.9 23.4 84
97 22.3 23.4 1.1 97 23.9 25.3 1,4

901 4 14.2 1.7 1.5 1372 4 17.0 19.7 1.9
22 17.4 I1A, 1.3 22 19.2 20.7 I'5
52 20.0 20.6 0.6 52 21.9 22.3 1.3
72 21.6 22.2 0.6 72 22.7 23.0 .1
97 22.5 23.3 0.0 97 23.0 25.1 1.3

910 4 12.5 15..1 2.6 1377 4 17.6 19.5 1.9
22 17.7 10.5 0.0 22 19.4 26.6 1.4
52 19.6 203 0 .9 52 21.0 22.4 1,4
72 21.3 21.0 0.5 72 22.7 22.6 0.9
97 22.3 23.1 0 .0 97 23.7 24.9 1.2

I542 4 1t.1 12.2 I• 1741 4 a 17.1 a
2 15.9 17.4 1.6 22 19.1
52 19.4 21.5 2.1 52 a 21.7
72 20.9 23.1 2.2 72 23.7 a
97 21.0 :4.4 2.6 97 a 25.3

1992 24 10.? 11.4 1758 4 19.6 a
2 14,2 14.0 1. 22 19.0 a

52 1 .0 51.' 2' 52 a 21.9
72 20.4 41.0 2.. 72 a 23.3 *w
S? 2" .3 z4.0 2.7 97 * 25.4

1596 24 9.9 1 -5 9.1 1766 4 16.4 S
22 14.5 16 4 1,1, 2z 17.8 19.3 I
52 19.2 20.9 2, 5Z 19,0 21.9 2,1
72 20.1 22.9 2.0 72z 21.6 23.7 2.1
97 21.2 24.1 2.9 9? 22.5 a a

161 4 9.6 10.2 0.6 1764 4 16.9 - t
22 13.7 154 1 .7 22 18.2 - a
52 10.8 21. 2.3 52 19.0 21.9 2.I
72 20.2 22.7 2.5 72 21.4 Z3.1 17
97 21.3 23.0 2.5 97 22.7 a

2292 4 10.4 (0,2 -0.2 2450 4 16.0 17.5 1 5
22 14,1 15,5 1.4 22 19.0 19.3 13
52 10.9 20.0 1.9 52 19.6 21.7 2.
72 21.3 26.9 -6.4 72 21.4 23.7 2.3
97 21.4 23.7 2.3 97 22.7 25.3 2.6

2296 4 9.7 10.4 8.7 2460 4 15.0 17.5 1.?
22 15.0 15.3 0.3 22 10,2 19.6 1.4
52 1864 20.6 2.2 52 20.2 22. 1 1.,
72 18.1 22.6 2.5 72 22. 1 24.4 2.3
97 21.9 23.9 2.0 97 22.9 25.6 2.7

2361 4 10. 9.9 -6.1 2464 4 17.1 10.0 0.9
2 2.0 10.1 1.2 22 10. 19,5 1.

52 1? .9 2.2 52 no.1 21.9 1,0
72 3.4 22.4 2.0 72 21.0 22.7 1.0
9? 21.4 23.0 2.1 97 23.6 25.4 2.4

2318 9.4 , 2,49 4 12.7 11 1.4
-. 1.0 15.4 1.4 22 j.6 37 .

52 16.4 2U.4 4.3 3.2 22.1 1.3
/2 1q.6 ?1.6 1.0 72 21.9 2.,0 2,1
97 20.6 22.4 1.6 '.7 2.J 25.4 2.4

(Continued)
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Table 4 (Continued)

SALINITY (PPT
STATION: CB-06-04

NIGH FLOU LOU FLOW
LUNAR DAY DEPTH BASE FUTURE FUTURE-BASE LUNAR DAY DEPTH BASE FUTURE FUTURE-BASE

5A9 2 3.? 3.4 -8.3 686 2 (A.? 16.4 5.?
22 1'. 1 13.4 1.3 22 16.7 19.? 3.8
3? 11.3 .7., a 37 e 28.A s..

518 2 8.5 8.6 .1 696 2 ss 16.1
22 (1.3 (6.1 4. 22 2ss 39.3 e.a3?' Ib.l 5 5== Im 3? **" 28.? ee.,

52A 2 A- 8. 8. 788 2 .... 17 ,es
22 9.8 14. 4. 22 sa, 28 .8
37 13.8 3a . 3 ss 28.5

532 2 1.6 2.2 8.6 7A5 2 s*** 37.3
20 9.4 31.8 8.4 22 SaSS 33.8 cc..
37 12.2 as- ,, 3? Seas 28.6 ese.

092 2 3.5 s s 1358 2 33.2 14.8 8.0
22 14.2 s ens 22 36.6 ? 1 .
31 18.2 5 5 37 183 28.3 2-0

896 2 4.3 1 nsa 3368 2 11.9 14.3 2.2
2 1(5.? as ss 22 36. 32 3.5
37 Is.7 sass 37 38.5 2.2 .

981 2 1 N nsa (372 2 :4.2 15.4 ;.2
22 15.7 a nsa 22 17.9 39.2 3.3
37 17.5 s a 37 38.5 2.2 3. ?

918 2 s-e 4.3 a 1377 2 14.1 15.6 3.5
22 s (89 nsa 22 31.4 1.? 3.3
37 se 159.5 a 3? 38.5 28.3 1 8

1582 2 1.6 1.5 -8 I 1741 2 38.? 38.6 -8.3
22 16 .8 9 I , I 22 15.3 16, 1 .8
37 17.5 28.4 2.9 37 17.8 e ss

1592 2 1.3 1.2 -0., 1 5 2 38.9 sass sas

22 9.4 138 36 22 35.8 s n 55*5
3? 16.? 28. 3.3 3 17.4 essa

1596 2 (.4 s a 1768 2 9.8 sass sees
22 12.8 e n 22 15.2 s seas
37 16.7 ss 3; I?7 ss 55*

1681 2 1.2 I 4 .2 1764 2 33.? Sea este
22 (2.2 (58 3.6 22 36.8 Seas 55*5
37 16.5 19.6 3.3 3? 1.3 ss "

2292 2 (.8 8.8 -8.2 2458 2 38.4 12.8 3.6
22 ((.9 IR.6 -(.3 22 35.8 18.2 2.4
37 1?.7 18.1 .4 37 17.5 39.5 2.

2296 2 2.8 1.4 -8.6 2468 2 9.1 (8.2 3.3
22 16.1 13.8 -3.1 22 (S.8 17.5 2.5
37 (7.5 18.6 -.? 37 (7.8 I.? (.9

2301 2 1.4 (.2 -8.2 2464 2 ((.8 11.9 8.1
22 14.2 (4.8 8.8 22 (6.7 (8.4 (.7

t7.1 15.4 -3.? 37 32.6 :.. 2!3

231 2 1.4 131 -0.3 24G9 2 !1'
(4.5 U5. U., 22 :-. 326 3.5

3? 36.7 IC.? I.2 =7 32.] 22.2 2,4

(Continued)
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Table 4 (Continued)

SALINITY (PPT)

STATJOIN c-O"I--

HIGH FLOW LOW FLOW
LUIIAR DAY DEPTH BASE FUTURE FUTURE-BASE LUHAR DAY DEPTH BASE FUTURE FUTURE-BASE

589 4 B. 6.1 6.2 686 4 4.0 6.7 2.7
I1 BA 6.3 6.2 it 4.4 7.4 3.6
26 0.1 6.3 6.2 28 4.? 7.6 2.9

St 4 6.1 6.3 0.2 696 4 3.6 7.3 3.5
II 6 .,3 11 4,5 7.9 3.4
26 6.1 6.3 6.2 26 5.6 8.3 2.?

528 4 8.1 8.3 8.2 7e 4 5. 8.? 3.6
II 6.1 6.3 8.2 it 5.5 8.9 3.4

26 04 8.3 28 5.9 9.1 3.2

532 4 8. 6.3 6.2 785 4 5.1 8.3 3.2

11 6.1 6.3 L.2 11 5.3 8.9 3.6
26 6.1 6.3 6.2 26 5.6 9.6 3.4

892 4 1356 4 3.2 4.8 8.0
It l iI 3.5 3.8 1-5

28 28 3.6 5.5 1.9

496 4 1368 4 3.0 4.6 1.6
II - - II 3.5 5.6 2.3
26 28 3.9 5.8 1.9

981 4 8.3 1372 4 4.6 6.5 1.9
II 6.3 1 4.6 6.8 2.2
29 8.3 20 4.8 7.1 2.3

916 4 6.3 1377 4 3.? 5.? 2,8
I 6.3 II 4.8 6.3 2.3

26 61.3 26 4.1 6.4 2.3

1582 4 6.1 6.1 6.6 1741 4 4.4 8.5 6.1

II a1 6.4 8.9 8.5
29 6.1 6.1 6.6 28 8. 8.9 8.4

1592 4 1758 A 8.6 8.? 8.1
It II 8.9 1.4 6.5
28 26 1.2 2.2 1.6

1596 4 1760 4 8.2 1.3 1,1
It II 1 6.4 1.2 8.9

23 28 8.8 3.4 2.6

1661 4 0.1 1764 4 1.8 2.? 1.7
11 " II 1. I 2.7" 1.6

26 28 1.4 2.9 1.,

2292 4 6.2 8.1 -6. 2458 4 8.? 6.7 6.6
11 6.2 6.2 6.8 II 8.? I, 8.4
28 8.2 8.1 -6.1 20 6 .8

2296 4 6.2 6.2 6.8 2460 4 8.6 1.1 8.5
1/ 6.3 6.2 -8.1 11 8.8J 1.4 8.8 I

2 62 .1 -2.1 is 8,! 2.4 1.5

2381 4 6.3 I.1 -0.2 2484 4 1.3 1.2 -6.
I 8.2 8.2 8.8 II 1.9 2.6 .9
28 8.3 6.1 -6.3 26 1.6 2.5 0.9

2310 4 8.2 8.1 -8.1 2469 4 0.6 1. 0 2.3
II 6.2 1. -6.1 11 6.9 .4 0.5
20 6.3 6.2 -8.1 20 8 W9 .5 6
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Table 4 (Continued)

y~lltly (W")
STMT159 CII01-1

I16 RAMU Low. RM
UW WY B"TD Im6 4,m11f FU~tft-Oft I my£5 lAY h USEl PUII FU~OR-l10~

59 4 S.7 1.? -1.5 666 4 11.3 15.5 2.5
32 7. .4 .?32 £.3 7. .

52 : 17. £93 2.2 1 A': 13.2o3.6

MI 4 2.s 2.4 -4.1 696 a 15.6 Ag
32 "76 9:'. 32 IS.?J . .
52 v7.a 1 . 52 1.

526 A 1.3 1.9 6.5 Poll 4 15.31
32 Ila6 134 16 21.s

92II 176 ?. . 52

32 4 2.2 2.4 5.2 73 4 £5.3
32 17.4 13.3 .9 21.
S2 £75 1.6 2.1 52

92 4 9.6 w~356 4 11.3 13.8 1.9
32 162 361 .9 12 £6.4 to.6 1.6
52 ::.1 T6. 2.4 52 16.7 15. Z.3

on6 4 9.5 ?.9 5.4 1366 4 £1.1 It.? 9.6

t 12 1.1 26.5 Z.4 52 1.7 £26.

Sol 4 5.9 3.2 11.3 1372 4 Mo. £5.7 2.6
32 £7. 26.2 2.4 32 £6.5 111.11 1.
92 5.5 26.2 2.3 52 £6.3 £61.7 l.9

918 4 5.m 8.6£3V? 4 t2.6 £5.5 2.7
32 .0 .2 1m2 £6.7? 64
52 75.3 : _ 52 z 16.9 IN.5 ":s

Ing2 4 5.5 6.9 1.6 174£ 4 so,1 I £1.# I.?
32 16. 19.1 2.2 12 IS,.1 17.3 1.9
92 17. 19,.3 2.3 52 £5M] 71 .

£592 4 4.3 4.3 6.6 0754 4 11.6
12 1. 7. 32 153
52 17. L 5.1 2.6 52 £.7 ~

11116 4 2.5 4.9 1.8 MAN3 4 £6.9
32 £63 £.3. 2 £.

52 £61 £33k. 52 1.

£lot 4 3.4 4.9 1.5 1764 4 £2.3
32 £6.7 16.. 32 1.
52 £7. £1 . .5 52 1.

233 4 3.4 4.4 1.5 24" 4 11.5 t3. 1 1.6
32 1. 66 1332 £14.4 1.5:S 3.1
52 6.2 £62 26S2 15.2 £66 1.6

22%. . . 3.0 0.4 246e 4 9.? Q.4 2.?
32 15.9 17.9 2.11 32 14.6 16.8 2.9
52 15.9 10.0 2.l 52 14.7 17. 3 2.6

2301 4 3.4 3.5 9.1 2464 4 11.9 13.2 %.3
32 1. 173 2.1 3? 13.4 16.6 1-.2
w2 Is. a 7 2.1 52 13. 1. 1.4

2310 A 3.3 3.4 6.1 2469 4 IL.A 12.7 1.2
32 1 1. Ir.7 2.6 32 15.6 16-3 t1
52 15.3 £7.6 2.9I 52 15. 11-1 1.

(Cont inued)
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Table 4 (Continued)

6ft j 11V (PPT)
STATION GR-1-0ll

HIGH FLOW .OW FLOW
LUOI h DAY DePTW 6ast FUTURE FUTUE-BASE LUNN DAY DEPTH BAS FUTE FUtURE-IASE

569 2 3,2 4.2 . 06 2 9. 199 2.9
12 6.3 9.6 9.3 12 11.6 14 4 2.9
22 1'% 9.6 1.6 22 12.8 486 2,4

5i 2 6.5 9.4 6.5 696 2 9. 9.5 2.4
12 4.,1 4,6 .3 12 I6.4 14.8 4.4
22 7.9 8.3 1.2 22 92.7 93.2 2.5

526 2 6.9 6,5 .4 ?7 2 90.5 12.4 1.9
12 2.6 2.3 12 2.2 13.2 3.6
22 5.7 6. .6 22 12.6 95.5 2.9

532 2 6.4 9.2 6.6 165 2 11.4 92.3 9.9
12 6.7 9.3 6.6 12 92.5 15.4 2.9
22 4.9 6.3 1:4 22 13.6 15.3 2.5

692 2 9 9.5 6.4 1356 2 6,4 6.3 -8.9
12 6,6 9.6 2.2 92 99.5 99.7 6.2
22 9.3 19.3 2.6 22 12.9 12. 6 6.

96 2 1.6 9.6 6.6 138 2 6.4 9.7 9.3
12 5.2 7.6 1. 12 92.6 99.7 -6.
22 6.5 19.9 2.4 22 12.6

96 2 9.6 2.3 6.7 9372 2 96.6 9.7 -6.
92 4.6 6.6 9.6 92 126 12.3 -6.3
22 6. 96.6 9 22 93.6 93.3 6.3

996 2 9.6 9.6 6.6 1377 2 96.7 99. 9.492 4.6 5.7 9.7 92 12.6 92.2 -6.6
22 6.2 9.3 1.9 22 13.6 13.6 6.9

1562 2 4.7 6.6 -6.9 979 2 6.5 6.9 -9,4
12 2.6 2.9 6.9 92 9.6 916.6 6.
22 4,5 7.6 2.5 22 9.9 96.5 o.6

1592 2 6,2 6.7 6.5 1756 2 5.9 6.2 6.3
12 9.6 9.6 6.6 92 9. 196.4 6.7
22 3.5 6.6 2. 22 96. 99.3 9.6

9596 2 6.3 6.1 6.4 9766 2 3.5
12 6.3 6.7 6.2 92 96.7 9.7 -.
22 2.4 3.3 2.9 22 19.4 92.6 6.6

1681 2 6.4 6.6 6.2 9764 2 7.6 -
92 6.5 6.7 6.2 12 96.5 9.9 6.6
22 6.7 4.7 4.6 22 11. 92.4 .3

222 2 6.5 6.3 -6.2 246 2 5.4 6.6 6.
92 3.6 ,.7 -1.3 92 9.6 1 .,.,
22 4.4 ,.9 2.5 22 9.6 18.7 6.9

2296 2 .7 11.4 -6.3 2468 2 5. 9 5.6 6.5
12 2,6 1.9 -1.5 12 6.9 11.; 1.2
22 4.3 6.2 2.6 22 96.7 12.6 .2

239 2 6.6 6.5 -6. Z464 2 7. 9 7.4 6.3
12 , 6.9 -6.4 92 96.2 9.91 8.9
22 3.2 6.8 2.8 Z2 6.6 99.6 9.6

2310 2 6.5 6.9 6.6 2469 2 7.4 7.6 9.4
12 6.9 6.7 -6a2 92 96.4 99.2 6.0

22 2.6 2.2 2.6 22 1966 99.6 1.6

(Continued)
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Table 4 (Continued)

BAL INITY (PPT)
STATIOH p-04-01

HIGH FLOW LOW FLOW
LUNAR9 DAY DEPTH B E FUTURE FUUE-8SE LUNAR DAY DEPTH BASE FUITURE FUTURE-BASE

599 4 0.3 9.2 8.9 696 4 15.9 16.8 1.1
22 17.6 19. 1.3 22 17.2 19.8 1.8
32 I,.1 19.7 1.4 32 17.5 1 9.8 .

18 4 7.1 6.6 -8.5 696 4 15.6 16.0 8.4
22 17.9 19.1 1.3 22 1.8 19.5 2.5
32 18.4 19.4 1.8 32 17.9 19.6 I.

520 4 5.3 5.8 -8.3 798 4 16.4 16.7 8.3
22 16.7 10.5 1.6 22 17.6 9.2 t.4
32 17.6 18.7 . 1 32 17.9 19.4 1.5

532 4 4.9 5.1 0.2 765 4 16.9 16.3 -6.5
22 15.6 17.6 2.8 22 1.9 19.2 1.3
32 17.3 19.4 1.1 32 18.1 19.4 1.3

892 4 9.5 9.9 8.4 1358 4 14.2 34.5 6.3
22 1:.2 282 2.8 22 17.6 18.2 8.6
32 18.9 28.9 2.0 32 17.6 38.3 a.7

696 4 6.4 16.2 3.6 1360 4 14.5 I3.? -8,8
22 18.1 1 1.4 22 18.2 16.9 8.7
32 19.z 36.8 1.8 32 18.3 19.1 .8

SO1 4 7.9 11:2 3.3 1372 4 15.4 14.4 -1.8
22 17.7 19.0 1.3 22 19.1 18.9 8.8
32 17.9 19.4 1.6 32 1.3 18.9 0.6

91 4 1 -.5 13.3 2.9 13?? 4 15.3 11.2 -8.1
22 17.4 19.8 I.4 22 18.2 19. 6.9
32 17.8 19.4 1.6 32 18.4 19,2 0.8

1582 4 5.6 7.7 1.9 1741 4 1 . 12.2 ?
22 13.7 17.6 3.9 22 15.9 17.7 1,9

32 17.4 17.5 0.1 32 16.1 2 7.5 1.4

1592 4 4.9 4.0 8.3 1756 4 1.3 14.8 3.5
22 14.6 17.5 2.9 22 16.2 18.2 3.8
32 13.8 17.9 2.1 32 16.4 19.5 2.1

1596 4 S.4 5.0 0.4 1760 4 1., 14.9 3.2
22 14.2 16.8 2.6 22 5 1 19.8 S.2
32 14.9 1?.1 2.2 32 17.3 19.1 1.8

1661 4 5.4 5.2 -0.2 174 4 11.1 15.0 3.
22 14.8 16.4 2.4 22 16.1 19.9 2.8
32 14.7 17.2 2.5 32 I7.0 18.6 1.6

2292 4 6.2 4.2 -2.0 2450 4 11.5 11.6 0.1
22 16.1 18.8 1.9 22 16.3 18.6 1.7
32 1.4 18.3 1.9 32 16.4 19.1 1.?

2296 4 5.6 66 1.0 2469 4 11.8 186 -9.4
22 191.6 16. 1.7 22 16.6 16.6 6.6

I1 s:.? 7?7 2.6 32 16.9 17.2 9.2

2391 4 5.7 5. 8.1 2464 4 19.5 12.5 2.0
22 14.2 1.3 2.6 22 16.9 19. 1.2
32 15.4 17.4 2.0 2 13.9 13.3 '.

2319 1 5.2 5.9 0.7 2469 4 12.6 2.6 -86
.3 14.9 16.4 1.5 22 16.9 18,2 1.3

15.7 17.8 2.1 32 3 7 18.4 1.3

(Continued)
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Table 4 (Continued)

SALINITY CPMS
STATION- P0-02-02

N[MH FLOaJ LOD FLOW

LUR Day DEPTH BRSE FUTURE FUTURE-BRSE LUNN DAY EPT1 BASE FUTURE FUTURE-ASE

S0 2 11.9 10.1 -1.0 606 2 17.1 16.6 -0.5

12 - * MP12
32 18.0 29.2 1.4 32 10.9 20.4 1.942 20.6 21.5 0.9 42 20.2 21.4 .2

69 20.0 22.6 1.0 60 21.5 22.8 1.3

919 2 7.0 7.0 -0.6 696 2 16.7

12 ;z - 1z t

32 10.3 19.7 1.4 32 a 20.4
42 20.4 20.6 0.2 42 2.1 21.1 I .
60 20.5 22.4 1.9 68 21.9 23. J .2

520 2 6.0 5.9 -8.9 760 2 a 17.5 aa

12 - - 1 2 a a
32 17.6 19.0 1.4 32 - 2.7 
42 19.4 20.4 1.0 42 20.0 21.2 I.5
60 20.0 22.6 2.6 60 31.7 23.1 1 .4

S32 2 7.6 6.9 -6.7 70 2 a n
12 a a 12 a
32 16.2 10.3 2.1 32 an.
42 19.0 20.1 1 , 42 20 , 22.2 1.7

60 19.R 22.2 2.4 60 21. aan

092 2 0.3 8.4 8.1 1350 2 16.2 16.8 -0.2

12 n 17.0 a 12 10 2 - an
32 10.8 20.3 1.5 32 19. 20.2 1.2
42 20.3 21.0 0.7 42 20.4 29.5 . t
60 22.2 23.1 0.9 60 21.9 22.5 6

096 2 7.0 6.9 -0.9 1368 2 16.3 16.7 0.4

12 16.0 a an 12 10.6 n
32 10.5 20.0 1.5 32 19.2 t1.1 - .

42 19.7 20.? 1.: 42 2095 10.6 -1.9
6: 21.0 22.7 0.9 60 22.3 21.7 -0.6

901 2 0.0 7.9 -9 1372 2 16.6 17.1 0.5

12 a a _Z_ 12 10.7 an
32 18.4 19.0 1.4 32 19.5 21.0 5
42 19.7 20.6 0.9 42 20.? 21.7 I .

60 21.4 22.1 8.7 60 22.2 23.4 1'2

910 2 9.1 , 1377 2 17.6 17.8 0.0

12 15.2 an 12 a.9 -n

32 17.9 19.4 1.2 32 19.0 21.2 1.4

42 19.3 20.2 1.2 42 208 22.0 1 2
60 21.2 22.3 1.1 69 21.9 22.7 0.0

12S2 2 9.0 9.9 0.9 1741 2 13.7 13.0 -8.7

12 12.1 16.6 1.5 12 16.0 17.6 0.0
32 17.7 19.4 1.7 32 10.2 19.3 1.

42 19.4 20.6 1.2 42 19.6 20.5 0.9
60 20.0 22.0 2.0 60 20.7 22.2 1.5

1592 2 6.9 0.9 2.0 1750 2 14.1 l
12 14.3 a a 12 17. 10.2 0.7

32 17.7 . t, 22 19 3 20.0 I.?

42 19.7 20.4 0.7 42 19.9 20.6 0.9
60 21.2 22.0 1.6 60 21.2 23.0 1 .9

1596 2 6.9 0.1 1.2 1760 2 12.3 a
12 13.3 a. ,u 12 17.6 10.5 0.9

32 17.2 a .n. 32 .0.3 2e1 1.8

42 19.7 19.8 1.1 42 19.6 19.5 -. 1
60 21.1 22.0 1.7 68 21.4 23.1 1.7

1601 2 6.3 0.0 1.7 1764 2 14.6 n
12 13,7 an 12 17,7 10.0 1.1
32 17.1 18.1 1.0 32 10.4 20.2 1.
42 19.1 19.9 0.0 42 19.9 21.2 1.3
60 29.7 22.3 1.6 0 21.2 22.1 0.9

2292 2 6.0 6.9 0.1 2450 2 12.2 14.6 2.1

12 12.3 15.5 3.2 12 16.0 a
.2 14.3 10.6 4.3 32 17.0 19.7 1.9

42 10.2 19.0 1.4 42 19.6 2R.6 1.0
60 19.5 21., 2.3 60 20.7 22.2 .2

2296 2 6.6 6.6 a.0 2468 2 12.0 15.2 2.4

12 13. 14.0 1.3 12 16.7 10.6 1.9
32 16.7 10.0 1.3 32 1.I 19.7 1.6

42 10.3 19.3 .0 42 19.4 20.7 1.3

60 20.4 22.3 1.9 60 21.0 22.9 1.9

2301 2 6.6 0.7 0.I 2464 2 13.1 14.7 1.6
12 13.4 14.0 1.2 12 1:., 10,8 1.,

32 10.8 17.0 1.2 32 10.4 10. 1.4

42 10.4 19.4 1.: 42 19.7 2.0 I.1
0 20. 21 . 1.0 0 21.1 2.9 1.0

2310 2 7.2 7.7 0.5 2469 2 13;7 12.6 1.9
12 12.9 14.2 1.6 12 a..'. 19.2 *o.a
32 15.7 17.5 1.4 32 10.6 20. I 5

42 17.4 19.1 1 .7 42 19.0 21 1 1.3

60 19.0 21.6 1.0 60 20.8 22.5 1.?

(Continued)
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Table 4 (Continued)

ST87 ON, PO-06-01

HISM FLOU. LOW FLOW
LWMAN M;Y DEPTI BOSE FUTURE FUTURE6SE LWMI BAY DEPTH BASE FUTUE FUTURE-BASE

S89 2 6.9 686 2 13.1 15.0 1.9
12 .6 12 14,0 1.2 1.2
22 11t. 22 14.3 13.0 .6
42 13.2 42 14.s 16.4 1.9
62 17.0 62 15.8 17.8 2.0

,19 2 696 2 13.1 13.6 8.5
12 12 14.2 o -
22 22 14.5 14.9 6.4
42 42 1. I 13.2 6.1
62 62 .15.? 16.0 1.1

528 2 2.0 700 2 14.2 15.2 1.0
12 6.6 12 14.0 19.2 0.9
22 9.1 22 1.0 I1.3 I.5
42 11.1 42 13.3 15.0 0.S
62 17.8 62 15.3

922 2 6. 7 79 2 14.? 15.4 0.7
12 0.6 12 1.0 15.4 0.4
22 9. 22 15.1 1 .5 8.4
42 to 1 42 15.3 16.1 a.0
62 15.0 62 15.4 I.1 1.1

092 2 2.3 3.2 0.9 130 2 13.3 14.0 8.7
12 3.8 0.1 2.2 12 13.9 15.3 1.4
22 .2 10.7 2.4 22 14.6 15.5 0.9
42 10.7 12.8 2.1 42 14,2 15.9 1.72 19.0 10.6 3.0 £2 1.7 17.4 1.7

am 2 5.1 3.9 .0136 2 12.9 14.9 1.0
12 9.2 9.2 1.0 12 14.2
22 9.2 11.8 1.0 22 14.6 -
42 10.6 12.0 1,4 42 15.2 16.2 1.8
62 15.6 10.0 2.4 62 16.2 1?.6 1.4

901 2 .4 6. 1.2 1372 2 14.3 13.9 :.6
12 . 10. 1.9 12 14. 15.2 .3
22 9.7 11.4 1.7 22 14.& 16.4 1.6
42 10.4 12.3 1.9 42 15.2 16.6 1.4
62 14.0 16.0 3.2 62 1.6 17.s 1.4

910 2 4.3 5.9 1,6 1377 2 14.6 16.0 1.4
12 0.6 10.9 1.8 12 14.9 11.3 1.6
22 9.7 11. 2.1 22 13.0 16.3 1.5
42 10.3 12.3 2.2 42 13.4 16.9 1.4
62 15.4 10.9 3.5 62 15.6 17.4 1.6

J592 2 2.2 2.0 0.6 141 2 I2? 11.9 9.2
12 6.7 6.7 0.0 12 12.2 12, 0.5
22 0.2 8.8 0.6 22 12.1 13. 0.9
42 9.6 10.2 0.6 42 12.9 13.2 0.4
62 19.6 17.2 1.6 £2 13.9 15.5 1.6

1592 2 1.7 2.9 0.I ?11" 2 9.9 11.3 1 1
12 4.6 5.2 0.6 12 12.4 12.5 1,1
22 6.9 7.5 0.6 22 12.0 13.? 8.9
42 '1. 0.4 0 7 42 13.4 14.0 0.6
62 12.9 15.1 2.2 62 19.2 16.5 1.1

1596 2 3.4 3.2 -3 . 170 2 10.6 I0. 6.1
12 6.2 6.4 0.2 12 12.;'
22 .0 ?.9 3 .2 22 13.4 13.6 2.2
42 0.2 0.0 6.6 42 14.4 14.9 3.1
62 12.7 15.2 2.9 62 16.2 15.2 -1.0

I1 2 3.0 3.7 01. 1764 2 13.2 .
12 5.4 9.2 9.0 12 13.7 14.6 0.9
22 7.0 7.6 0.. 22 12.9 14. 0.9
42 7.9 9.3 0.4 42 14.1 15.' 0 .9
82 13,3 14.5 1.2 62 14.9 13.3 0.4

2292 2 1.9 1. -:.2 2450 2 9.3 0.9 1.6
12 4.6 5.3 0.7 12 11.5 12.9 1.0
22 7.3 7.3 0.0 22 12.2 13.1 0.9
42 8.7 1W.1 b.4 42 12.9 13.5 0.6
62 13.? 15.7 2.0 62 14.? 16.3 1.6

2296 2 4.9 " 2468 2 8.6 10.4 1.0
12 7., 5.9 -1.2 12 10.4 12.7 2.1
22 7'6 7. -6.3 22 12.0 12.6 0.9
42 9.3 9 61.4 42 13.7 14. 0.6
62 12.9 14.3 1.1a 62 15.4 16.5 1.1

2361 2 2.1 2.0 -9.3 2464 2 12.2 12.1 -. 1
1a 3.4 5.0 0.4 12 12. 13.0 0.
22 7., 7.4 0. 22 12.0 12.0 6.6
42 0.1 4 0.2 42 11.6 14.4 002 12.4 11.0 2.61 02 14,2 19.8 1.4

2310 2 3.4 3.9 0.1 2469 2 12. 3.2 0.4
17 6.8 9.6 -0.4 12 13.1 14.1 1.0
22 7.0 7.2 61.2 22 1a' 14.2 0.7
42 0.2 6.5 0.3 42 1.7 14.4 0.7
62 14.1 13.4 1.3 62 14. 1 5.7 1.3
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Table 4 (Continued)

SftUNITY (9W?)
STATION- PR-03-0Q1

LU1 DAY DE7714 8am FLIU 7UIMME'8956 4.10110 MY WIN31 BASE F111M 7FUT86-110%

969 2 8.9 9.7 -8.2 686 2 13.5 15.4 2.1
22 (A? 3. .? 22 13.4 158 2.4

Sid 2 2.9 3.1 8.2 696 2 11.7 15.5 2.
22 7.? . . 22 1.
52 8:.3' 9.9 1. 5216

520 2 Z.4 2.8 0.4 Fee 2 17
22 7.6 8.U.52 ... 16.8
52 7.? S.4 1.

232 2 4.4 4.4 0.6 M0 2 15.5
22 ?. 8.3. 22 1.
52 7:. 9.6 1.8 52 1.

892 2 4. 7. 2. 25 2 15. 3
22 11.5: 3. 1.7 22 1.8 1. 2.2

52 12852 32 61 2.2

896 2 63 76 191368 22 13.7 15.5 1.
22 ".4 13,# 1.2 14. 16. 2.
52 II.7 13. 1.8 52 4.6 6. 1.9

901 2 %.9 7:.6 .71272 2 14.1 15.9 1.?
22 1.0 2. . 22 14.5 16.9 2.6
92 1I.? .3.2 2.5 32 14.? 16.6 1.9

g1g 2 821371 2 14.2 15. 1.6
22 122 22 14.? 16.6 1.9
52 25652 14.8 16.? 1.

1582 2 2.6 3.5 -$.1 1741 2 9.4
22 9. 82 222 12.2
52 5.4 18?S3 2 7.

1592 2 1.313 2 16.6
22 7.?7 22 -2 ,2
52 8. 5 52 12.3

MG9 2 2.3 1766 2 9.1
2z '.8 22 12 "I
52 j .2 52 12.9

1681 2 2.1 IM6 2 16.9
2Z 7.7 22 12.9
52 8. 2 52 13.9

2292 2 23 2. 0. 249 2 to.? 12.7 2.8
22 9. 1.2 1. 2 12.3 13.6 3

52 9. 1. .9 32 12.5 13.7 1.2

2296 2 3. 5 , . 2466 2 S.7 12.3 2.6
22 8.: 39?. 22 2. 148 L.2

52 .1 111.2 1. 321.8 14.2 I

JIM1 2 2.9 4.8 1.4 244 2 11.3 12.9 1.6
22 8.3 S.? 1.4 22 13.1 14.3 .2
12 B. 1.0 1.4 t,2 13.2 li..; .

2310 2 4.2 4.S 0.3 2469 ? II.2 13.1 1.
22 0.2 9.5 3.3 Z2 13.1 1.1.3 1

52 9.4 9,1U 1.A 13.2 14.3 1.3
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Table 4 (Continued)

SALINITY (PPT)
STATION: R-03-01

1IGH FLOU LOU FLOW
LUNR DAY DEPTH BASE FUTURE FUrImE-GASE LUNAR DAY DEPTH BASE FUm- FUTURE-BASE

9 17.9 -a 696 13 ls.5 20.7 i
26 9.3 S 26 19.6 am -.
46 19.5 29.9 1.3 46 '9.6 21.9 a.
59 19.6 29.9 1.3 59 19.6 22.2 2.6

51 13 17.6 19.7 1.1 696 13 18.9 -. .1 2..
26 19.4 - - 26 19.6 ma ss
46 19.9 28 .5 46 19.6 21.9 2.3
59 19.7 29.9 1. 59 28.3 22.3 l.A

529 13 14.8 17.9 3.1 796 13 5 21.1 a,
26 17.4 19.6 1.2 26 Sf Sm st
46 17.4 19.2 1. 46 Sa 21.9 saas
39 19.4 19.9 1.4 59 a 22. 1 an

532 13 16.6 17.5 9.9 795 13 ta 21.3 san
26 16.9 19. 1.2 26 a m asa
46 17.2 19.7 1.5 46 5 22. sata
59 17.6 19.4 1.8 59 a 22.9 ss

892 13 17.9 19.3 9.5 1358 13 19.9 19.5 9.5
26 19.7 19.1 9.4 26 19.6 2. 9.5
46 19.2 26.9 9.9 46 29.3 am. ss
59 29.9 29.8 9.9 59 29.6 20.? 9.1

996 13 19.9 19.1 9.1 1368 13 19.6 19.9 -9.6
26 96 29.9 am 2sa
46 19. 19.8 9.9 46 20.6 am am
59 19.3 29.9 8.7 59 21. 21.2 9.2

91 13 17.7 19.9 9.3 1372 13 29.1 20.4 9.3
26 19.6 19,9 8.3 26 29.2 29.9 .6
46 19 19.3 0.4 46 29.4 21.1 a.?
59 19.9 19.6 9.6 59 20.5 21.3 9.9

910 13 19.9 19. 9.1 1377 13 29.t 20.5 9.4
26 19.2 19 9.6 26 29.2 m am
46 19.9 19.2 9.3 46 29.4 21.9 9.6
59 19.1 197 9.6 59 29.7 21.1 9.4

1502 13 16.6 17.2 9.6 1741 13 17.2 19.2 1.9
26 26 17.6 19.9 1.4
46 19.1 19.7 1.6 46 19.9 19.4 1.4
59 18.6 26.3 17 59 19.4 19.5 1.1

1592 13 15.9 16.4 0.6 1750 13 17.9 19.0 I.1
26 16.4 17.7 1.3 26 19.4 a.5
46 17. 1 19.7 1 6 46 19.1 28.3 1.2
59 1. 1 19.5 1.4 59 19.2 29.6 1.4

1596 13 15.6 16.3 9.7 1768 13 19.6 19.3 9.7
26 16.4 17.9 1.4 26 16.9 29.4 1.5
46 16.9 19.4 1.5 46 19.3 21 .1 1.9
59 17.4 19.9 1.5 59 19.7 21.7 2.9

1691 13 15.9 16.9 1. 1764 13 18.5 18.6 9.1
26 16.9 17.4 1.4 26 16.6 a as,
46 16. 19.1 15 46 19.1 19.4 0.3
58 16.8 19.3 1.5 59 19.2 29.8 1.6

2292 13 15.6 16.7 1. 2459 13 19.1 19.7 0.6
26 16.9 19.8 1.2 26 19.9 19.5 1.5
46 17.5 a a 46 18.9 29.3 2.3
59 19.9 19.7 t.7 59 17.4 29.4 3.6

2296 13 15.3 a a 2469 13 16.3 19.2 2.9
26 6 16.6 19.8 3.2
46 16.9 19.9 1.9 46 19.4 290.7 2.3
59 17.1 19.2 2.1 59 17.4 a am

2301 Is 14.9 16.4 1.6 2464 t3 19.4 19.9 1.5
26 15.9 S 26 19.9 m m
46 16.3 1•1 1.6 46 19.1 21.7 1.6
59 16.S 19.5 2.9 59 19.2 m.m m

2318 13 14.7 15.9 1.2 2469 13 18.,4 19.9 1.4
26 155 a ts2t A? .: a
46 16.9 17.7 I:? 46 19,1 20.5 1.4
59 16.6 19.9 l.4 b9 19.1 20.8 I.?

(Continued)
(Sheet 13 of 15)



Table 4 (Continued)

SALINITY (fT)
STATION: SA-02-01

HIG FLOW LOW FLOW
LUNAR DAY DEPTH BASE FUTURE FUTJRE-BASE LLAAR DAY DEPTH BASE FUTURE FUTURE-BASE

599 4 2.2 2.9 96 696 4 5.2 .90 3.8
22 2.5 4.9 1.5 22 6.9 9.9 3.6
37 7,.2 9.2 i. 37 9. 19.3 2.3

51 4 .5 .9 .5 696 4 5.1 9.3 42
22 2.2 3.5 1.3 22 a 19.5 s
37 6.9 9.1 1.2 37 a 1.8

528 4 9.2 8. 9.5 790 4 a 9.9
22 2.5 2.9 7.9 22 a 19.6
17 6.? 7.7 2.9 37 a 9.7 1s

532 4 9.5 9.7 9.2 795 4 a 1
22 1.6 2.9 1.9 22 *fl 29.5 *s
37 6.3 7.3 1.2 37 a 18.5

992 4 S.7 1.2 9.5 1359 4 4.? 6.9 1.3
22 2.2 2.1 22 6.9 1.7 0
37 7.2 9.5 2.4 57 .? 9.9 .3

96 4 2.2 a 1369 4 4.9 5.9 .222 1.5 2.9 9.3 22 7.2 9.7 2.5
37 a 9.2 nfl 37 7.7 9., 24

991 4 a 9.9 a 1372 4 5.9 7.6 1.722 a 2.6 anm 22 7.3 9.3 2.9
37' a 9.2 a 37 7.9 9.3 9.5

9t 4 a 9.9 13?? 4 5.9 9.9 2.2
22 a 2.6 a 22 7.2 9.2 9.9
3? a 9.9 a 37 7.3 9.7 2.4

1582 4 9.4 9.3 -9.2 1741 4 3.2 4.9 9.9
23 9.9 9.6 9.9 22 4.2 5.7 1.5
37 1.6 5.3 4.7 37 4.9 6.7 1.9

1592 4 9.2 a a 159 4 31 4.9 9.3
22 9.6 a a 22 4.5 5.5 2.9
37 0.5 a a 37 5.5 6.4 9.9

1596 4 9.3 9.7 9.4 1769 4 3.9 a .
22 9.4 9.7 .3 22 5.9 a
37 9.6 4.3 3.7 37 6.3 a a

1691 4 9.2 9.6 4 764 4 4.7 a a
22 9.3 9., 9.4 22 5.9
37 0.6 3.9 3.3 37 63 a a

2292 4 9. 95 9.3 2458 4 2.9 3.5 .6
22 9.3 9.7 9.4 22 3.5 3.9 ,4
37 9.5 1.6 1.2 37 4.5 4.7 9.2

2296 4 .2 .5 9.3 2468 4 3.1 3.9 9.9
2 .3 .6 .3 22 5.3 . 8.9

3 1.4 1.9 2.2 37 5.7 6. 2.2

2321 4 9I.2 9I.4 9.2 2464 4 3.? 4.9 1.2
22 9.3 9.9 9.3 22 5.2 5.9 9.7
37 0.3 1.3 1.0 1,? 1.0 7. 2.2

2310 4 0.2 0.4 0.2 243 4 3.3 4.4 0.8
22 0.3 2.b 2.2 22 4.4 5.J 1.4
37 0.. 2.0 3.7 37 £*I '.9 2 .3

(Continued)
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Table 4 (Concluded)

GAL lAITY (PPT)
STA TION: Y-oS-Ol

HIGH FLOWI LOU FLOW

LUINAR DAY DEPTH BASE FUTURE FUTURE-BASE LUNAR DAY DEPTH 6ASE FUTRE FLITUR-BASE

*569 4 7.9 9.3 (.4 686 4 (;7.3 19.6 1.3
14 (5.9 (6.5 6.6 (4 (9.9 28.2 1.3

26 17.6 17.? 8.7 26 (9,3 29.5 (.2

5t6 4 ?.2 '.1 -6.1 696 4 (6.9 (7.1 0.8
(4 (6.9 (6.6 (.9 (4 (6.7 28.4 I .;

26 (7.7 26.1 2.4 26 (9.7 21.3 (.6

526 4 7.2 7.5 6.3 Me 4 19, (9.8 6.9
14 (7.6 (6.2 1.2 (4 (9.4 26. 6.7

26 (7.9 (6.7 6.6 26 19.5 26.3 8

532 4 (1.2 705 4 (8.5 (9.4 6.9
14 1.? 16.6 6.9 (4 (9.5 26.3 6.6
26 16.1 126 (9.

92 4 5.1 5.9 6.6 (356 4 (9. 9 (9.5 0.4
14 16.3 19.3 3.6 14 26.6 26.2 6.2

26 28.6 - 26 26.4 26.4 6.8

996 4 9.9 (6.6 6.9 1366 4 ;9.3 19.? 6.4
14 (7.6 (7.8 6.6 (4 2(.6 26.8 -6.2
26 17.6 17.9 6.3 26 2(.2 2(.( -6.1

5"1 4 9.4 1.3 6,9 1372 4 19.6 26.8 6.4
14 15.6 16.2 6.6 (4 26.9 26.6 -6.)
26 16.4 16.7 6.3 26 26.9 26.8 -6.(

916 4 9.6 9.4 8.4 1377 4 (9.7 26.8 6.3
14 16.9 17.5 6.6 14 21.8 26.9 -6.)
26 11.2 26 26.9 21.1 6.2

(502 4 5.2 5.7 6.5 1741 4 (5.(I 17.2 2.(
(4 (9.6 17.6 2.6 14 (7.2 (6.9 I 7
26 (6.9 (8.5 .6 26 (7.6 (9. I .5

1592 4 4.5 8.8 2.3 (756 4 15.6 :8.6 2.4
14 is.7 16.9 6.3 14 ( 7,6 9.7 2.1

26 17.3 16.7 1.4 26 1.1 19. 1. 7

1596 4 9.9 6.7 1760 4 (4.7 -
(4 (5.6 ( 4 (6.2 (6.6 8.6
26 (5.7 (6.6 6.9 26 19.4

1681 4 8.s 16.5 3.5 (764 4 16.2 ,
14 13.9 14.7 66 14 (7.6 a

26 14.4 15.5 1• 26 19.4 s

2292 4 7.3 7.6 6.3 2456 4 ( .1 19.8 2.7
14 16.6 21.6 5.6 (4 17.6 23.6 5 2
26 (7.4 22.7 5.3 26 (8.6 23.2 5:2

2296 4 -:.9 16.7 -(.2 2460 4 17.6 19.6 2.6

14 (5.6 19. 4 5. (4 6.6 23,6 9

26 16.9 3.1 3.6 26 (6.9 24.6 66

Z26 4 (.2 12.6 6.6 244 4 17.2 21.6 4.4
(4 (4.6 16.1 4.1 ( 4 1 .9 25.2 53
2. 15.2 (6.9 3.' 16 (3J 23.7 5.,

2318 4 9.6 9.5 .5 2469 4 '.3 21 , 4.3

(4 13.9 20.1 6.2 14 ;3.2- 23.1 5 4

26 15.2 20.5 5.3 26 1J.3 23.9 S.b

(Sheet 15 of 15)
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T IME (DAYS)

HIGH-FLOW PERIOD (WEEKS 24-27)

0 TIME(DAYS)

j-

A.FUTURE

0 2 6 0 I'a '4 Is 20 2? 2%
T IME (DAYS)

LOW-FLOW PERIOD (WEEKS 54-57)

Plate 23. Time-history, water-level detector 69



r ~ BASE

h16 2, 1 6 I' 46 2 0 . 20 22 24 20
TIME C OYS)

FUTURE

: VAAA/A\A \AAAAAVA VAAAAVAAAAAAAVAA4 AVAV\,V

1,0 1'2 1,% 26 to 20 22 2'2 26

HIGH-FLOW PERIOD (WEEKS 24-27)

BASE

oi 21' 6 2 2 24 I6 is 20 22 2. 26

C TIME(DAYS)

IL -;FUTURE

10 2 ' 6 2 4 I's I's 2o 22 20 26
TIME(DRYS)

LOW-FLOW PERIOD (WEEKS 54-57)

Plate 24. Time-history, water-level detector 78



BASE

TIME(D OYS)

LOWH-FLOW PERIOD (WEEKS 24-27)

PltB5ATm-iSEy aerlvldeetr7



T I HE IODYS)

T IME (DAYS)

LOWH-FLOW PERIOD (WEEKS 24-7)
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CB-08-01

SPRING TIDE NEAP TIDE
LUNAR DAYS 895-899 LUNAR DAYS 890-893

SURFACE SURFACE

a
2

0
0

I~ll

.04 -I --o 2

------- ------- -----
wu

>- I 12 IS 24 6 12 to 2WTIME ($MAR HRS) TIME (SOLAR HRS)
0
- MID DEPTH MID DEPTH

CS

Z 
n0 0 - * - - - .

w 
0

a . 0 0

w 
_

u
2

8

a 1 1 2 12 1o 2L4>-TIME (SLAR HRO TIME (SOLAR "RS)

Q BOTTOM BOTTOM
0

-2

w

aU I

Was

-2 - I

-0 12 to 24 0 12 tO 04

TIME(SOLAR "Re) TIME (SOLAR MRS)

0 BASE TEST DATA * FUTURE TEST DATA

LF]T VELOCITY COMPARISON: APRIL 65
Plate 27. Velocity tme-history, sta CB-08-01, Apr 1965



CB-08-01

SPRING TIDE NEAP TIDE
LUNAR DAYS 951-955 LUNAR DAYS 96f-1)0 )

SURFACE SURFACE

S

o &

O 8 0

o 1
d -o

- I 8 1 18 24 S 6 1218 24
TIME (SOLAR HRS) TIME (SOLAR HRS)

0

o MID DEPTH MID DEPTH

o 0:0
C 0 0

0I - -

00

toS
w

LL OI

-2

* 6 12 19 24 0 6 12 t8 214
TIME (SOLAR MRS) TIME (SOLAR /RiS)

o BOTTOM BOTTOM

w

o 0

oj 0

Plate 28-eoiy t m - Jtr , t B0 -1 Tn 16

00 *
0~ ~ -2--~-

Iz S2 is 24 0 S 12 18 214
TIME (SOLAR MRS) TIME (SOLAR 14RS)

0 BASE TEST DATA *FUTURE TEST DATA

LFIT VELOCITY COMPARISON! JUNE A5

Plate 28. Velocity time-history, sta CB-08-O1, Jull 1965



CB-07-03

SPRING TIDE NEAP TIDE

LUNAR DAYS 895-899 LUNAR DAYS 890-893
SURFACE SURFACE

o 0 9II

6 L2 to 2 s 2
00

0 0o

w
0.0 0 0
>. -S S I)S 4 56 2 82
I.- TIME COOL ftR fS TIRE (SOLAR lift)

0
OMID DEPTH MID DEPTH

(00 -- 1

0 E

w as5

0. 0

1.-

Wa 3  00 i

z
0 6 2 10 214 - 6 L2 1 24

>- TIME (SOLAR HRS) TIME (SOLAR MRS)4-

BOTTOM BOTTOM
W

0
2  C2

C Co 0

-O -h

0 .

go

-,- -; - -L -q -S -
8 12 tS 24 0 6 121to 2Le

TIME (WOLIAM R S) rIme SObLAR mifte)

0 BASE TEST DATA * FUTURE TEST DATA

LFIT VELOCITY COMPARISON: APRIL 65

Plate 29. Velocity time-history, sta CB-07-03, Apr 1965



CB-07-03

SPRING TIDE NEAP TIDE
LUNAR DAYS 951-955 LUNAR DAYS 946-949

SURFACE SURFACE

8006_j
0

0 0

00
4L

w~ - i - ' - -- - -- -O00

-0 z Cb
f_) _ _ _ _

00

0. 0

w -,

S0 6 12 t8 24 6 12 1' 2u

TIME (SOLAR HRS) TIME (SOLAR HRS)

0BOTTOM BOTTOM
0
_j 5
w

02 02

o MI DPT IDDET

0 logo 0-
0 0

o 0

-,
(8 00 0

0 __ _

. %

- 9 0 6 2 tL O 2 61e 6 2 t o 2 W
TIME (SOLAR MRS) TIME (SOLAR MRS)

O 1ASE TEST DATA *FUTURE TEST DATA

LFIT VELOCITY COMPARISON: JUNE 65

Plate 30. Velocity time-history, sta CB-07-03, ,Tun 1965
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R-0-01

SPRING TIDE NEAP TIDE
LUNAR DAYS 895-899 LUNAR DAYS 890-893

SURFACE SURFACE

00• 0 'P

cl 0

w 0 A0

0.0

b9--------------------- - - - - -- i

). 5 12 10 24 S 6 12 lB 2L.

TIME (80LR NR8) TIME (S0LRR HRB)
0
o MID DEPTH MID DEPTH

0 2 2

(00
00 a

0-

w
- - -2

~ 12 18 24 0 6 12 18 24
TIME (SOLAR RS) TIME (SOLAR MRS)

BOTTOM BOTTOM0

w

6 12 0 6 12 18 214
TIME (SOLAR MIRS) TIRE (SOLAR fIRS)

OBA1SE TEST DATA *FUTURE TEST DATq

LFIT VELOCITY COMPARISON: APR 65

Plate 31. Velocity time-history, sta R-09-01, Apr 1965



R-09-O1

SPRING TIDE NEAP TIDE
LUNAR DAYS 951-955 LUNAR DAYS 946-949

SURFACE SURFACE

00

LL
00 0 2

La to 24 0 6 12

TIME (SOLAR MRS) TIMEF (SOLAR MV
0

0 MID DEPTH M2D DEPTP

0
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Plate 32. Velocity timehistory, sta R-09-01, Jun 1965
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SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BQSE TEST - S

UT UReS TET - ISALINITY (PPT)

"ION FLOW - LD 509 LOW FLOW - LD 606
* 6 le 15 20 25 3 356 a 5 16 15 20 s6 0 35

Q 4
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5
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Plate 63. Salinity profiles, sta C-01-01I, Cl1-Ol-O1,
!0-02-02, and 1-04-1, hin;r davs 09 anod 68,,



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BASE TEST - a
FUTURES TEST - F SPL1NITY (PPT)

HTOH FLOW - LD 610 LOW FLOW - LO 66
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a 2
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Plate 64. Salinity profiles, sta C-01-01, C11-01-01, "-0b-01,
P(-02-02, and P-04-I, lunar days 518 and (6



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEYv BOSE TEST - B
FUTURES TEST - F SPLINITY (PPT)

HIOH FLOW - LD 620 LOW FLOW - LD 700
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P0-02-02, and P-04-01, lunar days 528 and 700
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SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY; BASE TEST - B
FUTURES TEST - F SRLINITY (PPT)

HIGH FLOW - LO 632 LOW FLOW - LD 706
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L12 42
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Plate 66. Salinity profiles,sta C-01-01, CH-01-01, PO-06-01,
F0-02-02, and P-04-01, lunar days 592 and 705



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BgOE TEST - B

FUTURES TEST F SAIN::IN TY (PPT)

HIGH FLOW - LO 0e2 LOW FLOW - LD 1368
a 5 ls 15 20 25 Be 36 a 6 10 15 20 25 Be 35

94 4
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'42 '42

Z 62 62
i-
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Plate 67. Salinity profiles, sta C-01-01, CH-O-Ol, PO06-01,

P0-02-02, and P-04-O1, lunar days 892 and 1368



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BRSE TET - B

FUTURES TEST - SALINITY (PPT)

HIGH FLOW - LD 006 LOW FLOW - LD 1372
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W
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C.01-01

62 62I-
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Plate 68. Salinity profiles, sta C-OI-O1, CH-Ol-Ol, PO-06-01,

P0-02-02, and P-04-01, lunar days 896 and 1372



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BQBE TEST - B
FUTURES TEST - F

SiI]NI]TY (PPT)

HIOH FLOW - LD 061 LOW FLOW - LD 1377

* 5 10 16 20 25 s6 36 6 6 16 16 20 2 36o 35

W L
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LA-
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plate 69. Salinity profilPs, sta C-01-01, SH-O1-OI, PO-06-01,

P0-02-02, and P-04-O1, lunar days 901 and 1377

Plat 69 Salnit proile, sa C-l-O, SH0l-1 , 0-0-0t
901 ad 137



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY, BASE TEST - B

FUTURES TEST - F SPLINITY CPPT)

HIOH FLOW - LD 010 LOW FLOW - LD 1366
0 6 10 1 20 26 so 35 0 5 10 15 20 25 30 36

'4 4 A

12 12

22 22
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Plate 70. Satinity profiles, sta C-0l-0l, C11-0l-01, PO-06-01,
P0-02-02, and P-04-O!, lunar days 910 and 1358



SIPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY BASE TEST - a
FUTURES TEST - IT SPILINI T' (PPT)

HIGH MODAL - LD 1502 LOW MODAL - LD 1760
0 5 10 15 20 25 50 35 0 5 10 15 20 25 30 56

12 12

22 22

c-01.01
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12 12
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Plate 71. Salinity profiles, sta C-01-01, CI-Ol-O1, PO-06-01,
P0-02-02, and P-04-01, lunar days 1582 and 1750



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY, BASE TEST - 8
FUTURES TEST - F SALINITY (PPT)

HION MIODQL - LD 1502 LOW MODAL - LD 1760

S 5 16 16 26 26 50 35 6 5 10 16 20 25 30 36

4
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C-01-01
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Li.
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12 "" 12
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32 32 PO.0202

42 42

* 6 16 16 20 26 30 36 a 6 10 15 20 26 90 36

~P-04-01

22 22

12 12

32 32 P.20

Plate 72. Salinity profiles, sta C-01-01, CH-OI-01, PO-06-01,

PO-02-02, and P-04-01, lunar days 1592 and 1760



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY , BASE TEST - B

FUTURES TEST - F
,SIL1]NI]TY CPPT)

HIGH MODAL - LO 1506 LOhW MODAL - LO 1764
a 6 10 16 20 26 30 36 0 5 10 1s 20 25 so 35

4 4

12 12
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'42 w2
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.. . 
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Plate 73. Salinity profiles, sta C-Ol-01, CII-OI-O1, PO-06-01,
P0-02-02, and P-04-01, lunar davs 1596 and 1764



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

tiLY BASE TEST - B
FUTURES TEST - F SRLINITY (PPT)

HIOH MODAL - LD 1601 LOW MODAL - Lr 17k41
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w
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Plate 74. Salinity profiles, sta C-01-01, CHi-01-0l, P0-06-01'
p0-02-02, and P-04-01, lunar days 1601 and 1741



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BS8E TEST - a

FUTURES TEST - F SPLINITY (PPT)

HIGH MODAL - LO 2282 LOW MODAL - LD 2466
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32 CH-01-01

52 L 21

2 * 18 15 20 25 38 36 0 5 10 15 20 25 30 35

12 1

22 2

L42 412

62 62B

8 6 18 is 26 26 36 35 8 5 I8 15 28 26 38 35

I

w

32 2 PO-02-02

42 a42

68 68

* 6 16 1S20269 356 S 6 1 S28 25 38396

922jai...
Plate 75. Salinity profiles, sta C-01-01, CH-01-0l, PO-06-01,

P0-02-02, and P-04-01, lunar days 2292 and 2460



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

K.Y, BASE TEST - B
FUTUR 0 TFST - F

SPLINITY 
(PPT)

HIGH MOD L - LO 2286 LOW MODIL - LD 246W

0 5 10 15 20 25 30 35 0 5 10 16 20 2s 30 35

14 4

12

C 01-01

142 42

62 62 ,

Lj 0 5 10 is a0 25 30 as 0 S 10 15 20 25 30 '1

CH-01.01

32 3 2

62 S2

0 S 10 is 20 25 30 36 0 5 10 16 20 25 30 9U
2 .. ................. .... ....

12 12

22 .2

PO-06-01

42 L2

62 B 62

9-

IL 0 5 10 16 20 25 30 36 0 6 10 1 2e 26 30 35

9"12 12

32 32f s P-02 02

42 42

60 6

* 6 10 16 20 26 30 36 0 6 is is 20 26 30 36

ar~P'04-01

Plate 76. Salinity profiles, sta C-01-01, CH-Ol-O], PO-06-01,

P0-02-02, and P-04-O1, lunar days 2296 and 2464



SALINITY PROFILE
LOW FRESHWPTER INFLOW TEST

KEY, BAgE TEST - B
FUTURES TEST - F SgqLI]TY (PPT)

HIGH MODAL - LD 2301 LOW MODAL - LD 2L460
0 6 10 15 20 25 36 56 0 5 1 15 2e 26 0 356

12 12

i2 22

C-01-01

42 L82

F-

C-
U 0 6 ie 16 20 25 3 36 0 6 10 16 20 26 30 36

n 4'4

CH-01-01

32 32

62 62

0 6 10 15 20 25 30 36 e 6 10 15 20 26 30 36
2 .. . . . . .2 . . . . .

12 12

22 22

P0-06-01

L2 L42

62 62 B

0- 10 16 , 026 30 36 0 6 16 16 20 25 30 36

I"

I 12 
12

32 32 P0-02-02

42 142

6 10 16 26 26 36 36 0 6 10 16 20 26 3e 36

"'"" P-04-01

22 ".22

32 32

Plate 77. Salinity profiles, sta C-01-01, CH-OI-O1, P0-06-01,
P0-02-02, and P-04-01, lunar days 2301 and 2469



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY . BASE TEST - B

FUTURE$ TEST - F SPLINITY (PPT)

HIOH MODAL - LD 2310 LOW MODAL - LD 2L456
a 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

'. . ., . . . | . .. . . . . . . i . . . i . . '1 ," • , . . . i . . 1 . . . . i. . . .. ,. . ...1. . . . .
L4 '4

12 12

22 22

C-01-01

'42 42

1-

b.
16r 62 6

Lu 0 6 10 15 20 26 30 36 0 6 10 15 20 25 30 35
0.... ..... ..... ..... ..... ...... ..... i........-'4 .. . . .. .. ..

CH-01-01

312 32:

62 5a2

a 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
2 . . . . . .... . .. . 2 .. ... . . . .

12 12

22 22

P0-06-01

L42 L42

62 62

. 6 6 16 16 20 26 30 36 6 6 10 15 20 R5 30 36
2 ........ ,...... . .. .

L12 12
CL

32 32 PO020O

942 42

66 60

0 6 10 16 20 26 30 36 0 6 10 15 20 26 30 36

P P04 01
22> 22

32 5 2

Plate 78. Sal initV proffiles, sta C01-01, C1-01-01, PO-0 -01,
Pi)-02-02, and -P-04-01, linair davs 2M10 and 245h



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY; BQSE TEST - B

FUTURES TEST - F SALINITY (PPT)

HIOH FLOW - LO 600 LOW FLOW - LD 606

6 6 16 15 20 26 30 35 0 5 10 15 20 26 30 36
4 v. . . . . . .,. . . .. v i 

, 
,. . . .v. . . ..., ....

L4 - 1SA-02-O1
22 22f

37 .a 37 a
0 6 1816 20 26 30 36 0 6 10 16 20 26 30 36

12 12 GR-01-01
I-

6 >2 22

a

0 6 10 15 26 25 36 3 6 10 16 20 25 30 36.,.2 . . ..... ............. ... 2 '- , ,. . ' 1 . ... ... .. ' ' . ... -4

26 26 I

135 13

26 26 R0-_. R-03-Ot

I-
IL

i46 L46

C-

0 6 10 15 20 26 30 36 0 6 10 15 20 2 30 36
S.................. .... .......

114 ad4 Y-05-01

26 26

Plate 79. Salinity profiles, sta SA-02-OI, GR-OI-OI, PR-03-OI, R-03-O1,

and Y-05-01, lunar days 509 and 686



SPLINITY PROFILE
LOW FRESHWPTER INFLOW TEST

KEYv BASE TEST - B
FUTURES TEST - F

SPLINITY (PPT)

HIGH FLOW - LD 618 LOW FLOW - LD 606

0 1 1s 2825 50 35 0 10 15 20 25 30 56

22 22~SA-02-0122 ,22

37 37

- 5 5 10 16 a8 26 9e 96 0 .S 1s 20 26 30 35
LL 2 . .... ....... 2 "-

-m 12 129 GR-01-01

22 22

O 6 1 1s 20 25 35 36 0 5 10 1S 20 26 30 36
2 2. .... .. 2

22 22
PR03-01

62 6L

a 5 10 15 20 25 30 55 0 5 18 1 2 0 26 50 56

15 F

26 26 R-03-01

f-

iS 1 1 26 25 35 35 5 5 15 16 0 35 35

1 q I qR-01-01

10 20 26

14 - l

Plate 80. Salinity profiles, sta SA-02-0, GR-01-01, PR-03-0, R-03-01,

and Y-05-01, lunar days 510 and 696



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEYa BQSE TEST - B
FUTURES TEST - F SIINTY (PPT)

HIGH FLOW - LD 2S0 LOW FLOW - LD 700
0 5 10 15 20 25 30 35 0 6 10 15 20 25 30 35

SA-02-01

22 22

0 6 10 15 20 253 0 35 0 5 10 15 20 25 30 35
12 2K. 2RO1

..- L .. .......... ........ .. ..... 2.... .................... .

22 22
PR-03-Oi

110 15 2 25 30 35 6 16 16 20 25 30 35

13 1k

26 b
R-03-01

I-

Ii-
46 46

w

0 6 10 15 20 25 30 36 0 6 10 15 20 26 30 36

4 .. ..

14 14 Y-05-01

26 26

Plate 81. Salinity profiles, sta SA-02-01, GR-01-01, PR-03-01, R-03-01,
and Y-05-01, lunar days 528 and 700



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BASE TEST - B
FUTURES TEST - F SPLINITY (PPT)

HIGH FLOW - LD 632 LOW FLOW - LD 706

0 5 10 15 aO 2S 30 35 0 5 10 is 20 as 30 35

0 5 10 16 20 25 30 35 0 5 10 16 20 26 30 36

2 GRA-0210

22 I 22

0 5 10 15 20 25 30 35 0 5 10 16 20 26 30 356

0 i1 02 3 5 10 1 2 21353

2 ....... 2...

2PR-03-o

52 62

0 5 10 15 20 25 30 35 0 6 18 15 20 26 30 36

. . ., . . . , . . , . . . . ,. . . .. ,. . . .. . . . .. , .. . . f. . . .. . . . . . . - . . . . . , . . ,

26 R-03-01

LL

I-

5 1 1s 20 25 38 35 0 5 10 15 20 25 30 35

14 14 Y-00

26 26[

Plate 82. Salinity pcofiles, sta SA-02-01, CR-01-01, I'R-03-01, R-03-01,
and Y--05-01, lunar days 532 and 705



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY& BASE TEST - a
FUTURES TEST -SPLINITY (PPT)

HIGH FLOW - LD 69a LOW FLOW - LD 1366

0 6 10 15 20 25 30 36 0 5 10 is 20 25 30 56

SA-02-01

22 22

97 LL37

0 5 10 16 20 25 30 35 0 6 10 16 20 26 30 35

W 22 22

8 6 18 15 20 25 30 36 0 5 10 16 20 25 30 35
2 ... . , .,. .... . . . . . . . . . . . . . .. 2. .

22 22 PR03-0

62 62

* 5 10 1s 28 25 38 35 8 5 18 15 28 25 30 55

26 26 R03-01

-.

mi 4646

60. S 59

e 6 10 15 2e 25 30 35 8 6 10 15 20 25 38 35

1 ""' VY05.01

14 and Y-O5-C26"\ 26

Plate 83. Salinity profiles, sta SA-02-01, CR-01-Ol, PR-03-Ol, R-C,1-Ql,

and Y-05-01, lunar days 892 and 1368



SF:LINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BASE TEST - B
FUTURES TEST - F

SfI]N1]TY (PPT)

HIGH FLOW - LD 806 LOW FLOW - LD 1372

8 5 18 1s 20 25 30 35 a 5 1 15 .28 25 30 35
L4W. . .. . . . .

2 2 - SA-02-01

57 L 37

0- 5 10 15 20 26 30 36 6 6 10 15 20 25 30 36

x 12 12 GR-01-01

W22 -22~.P.30

8 5 18 16 20 25 30 36 0 6 18 15 28 25 38 36
2 26 ".."....-'''',~~~~~~~~~~~~ .. .. ....... ,.., 2 ..... " ' ".....'...........

22 2 PR-03-01

2L

L46

0 6 1 16 2 25 30 35 0 5 10 15 20 25 30 35

..j........... ................. 05

26 24 2

Plate 84. Salinity profiles, sta SA-02-Ol, GR-Ol-Ol, PR-03-Ol, R-03-01,
and v-05-0i, lunar days 896 and 1372



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY; BASE TEST - B

FUTURES TEST - F SALINITY (PPT)

HIGH FLOW - LD 901 LOW FLOW - LD 1377
8 5 16 15 20 25 30 36 6 5 10 1s 20 26 30 35

L4 4

SA-02-01
22 22

37 37

0 6 10 15 20 26 30 35 0 6 10 15 20 2s 30 36
LL 2................ 

a.......................... ............. .......
X 12 12 GR-0O1

C-
W 22 22

6 6 10 16 26 26 30 35 0 6 10 16 20 26 30 36I, ....... . . . . ... . 2 .. ,

22 22

62 L 62

0 6 10 15 20 26 30 35 0 5 10 15 20 25 30 35
................... .. ............. ................

13 13

26 26

and Y05-O1 luna days90R 03-101

L

L46 46

CL

6 6 16 15 26 26 36 36 6 6 16 16 26 25 36 36

Plate 85. Salinity profiles, sta SA-02-0l, GR-01-01, PR-03-O1, R-03-01,
and Y-05-01, Ilunar days 901 and 1377



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KE'r, BASE TEST - B

FUTURES TEST - F SPLINITY CPPT)

H10H FLOW - LD 910 LOW FLOW - LD 1368

0 5 18 15 20 25 30 3S 0 5 10 15 20 25 30 36

SA-02-01
22 22

e 10 1 20 25 30 36 0 5 10 15 20 25 30 36U- 2 . . . " ,, , , , , , 2 ...........' ' '

"i :t 12t GR-01-01

LL 22 22

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
2 lI IIII1 I . .I. . I. . . . I . ... ... 2 . .. . .... ... I....

22 22

PR-03-O1

62 62

0 5 10 16 20 25 30 35 0 5 10 16 20 25 30 35. . . .. . f . i . . . . . . i . . . . i . . ,. .,-.• . . . . . . |. . . .. i. . . .. ,. . . .. i. . . ..

13 -13 -I

26 26 aR-03-01

F-

U. 4L6 L46

oJ' Li 69l

0 6 10 16 20 26 38 36 0 6 10 16 20 26 30 36... . . .... . . . . . ,, , , , , 14''4:1 14 'Y X-05-01

as6 26

Plate 86. Salinity profiles, sta SA-02-01, GR-01-01, PR-03-0, R-03-01,

and Y-05-01, lunar days 910 and 1358



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEYv bQSE TEST - a
FUTURES TEST - FPAIIT PT

NI1t4 MODAL - LD 1562 LOW MODAL - LD 1760
0 6 10 15 20 25 30 36 S 6 1S 15 20 26 so 35

4 9

SA02-01222

* 5 2 10 25 30 35 0 5 10 16 20 26 30 36

12 lit 12PR-031

II62 22

0 5 10 15 20 25 30 35 0 6 10 15 20 26 30 35

26 262 0O

PR-M

262

0 6 isisad Y-5l loar day 158 and 170 a s



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY; BASE TEST - B
FUTURES TEST - F SPLINITY (PPT)

HIGH MODAL - LD 1582 LOW MODAL - LD 1760
a 5 10 16 20 25 30 35 6 5 10 15 20 25 36 35I~ ~ ~ .............

22 22 I ' SA-O-01

3 7  37

- 6 5 16 15 20 26 30 36 6 5 10 16 20 25 30 36

1 12 12~ GR-01-01

W . 22 220

0 5 10 16 20 25 36 36 0 6 10 16 20 25 36 36
2 . ...... ",..... ,.............. 2 ......

22 22 P.3O
PR-03-01

52 52 L

6 5 10 15 20 26 30 35 0 5 10 16 20 25 36 35

26 26 01• -, R-03-01
I--

LL

Z: L46 '46

I-
A.5 50

6 6 16 is 20 26 30 36 0 6 1 is 20 2s 36 3s
.4 .. '4f........i...i.. i.. i ,, .... ......... . ... ...i:

B.
1 l I " Y-os-o?

14 Y0"

26 26L

Plate 88. Salinity profiles, sta SA-02-01, GR-01-01, PR-03-01, R-03-01,
and Y-05-01, lunar days 1592 and 1760



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY; BASE TEST - B
FUTURES TEST - F SLINITY (PPT)

HIGH MODAL - LD 1606 LOW MODAL - LD 1764

o 5 10 15 20 25 30 a5 0 6 18 15 20 25 30 35

SA-02-01
22 22

37 37L

0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
L 2 ......... . ................. 2 . ........

1 GR-01-01

22 22 -

o 5 18 16 20 25 30 35 0 6 18 15 20 2s 30 35
2.... .... ......................... . . ....... 

22 22

52 652

8 6 18 15 28 25 38 35 8 5 10 15 28 25 30 35

26 S 26 R -3-01

C

I 4 6

8 6 10 15 20 25 38 35 8 5 10 15 28 25 30 36

14 V Y05-01
... .. ..................... ..... .... .. ...... .......... .1... ..

26 26

Plate 89. Salinity profiles, sta SA-02-O1, GR-OI-O1, PR-03-O1, R-03-O1,
and Y-05-OI, lunar days 1596 and 1764



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY; BA8E TEST - B
FUTURES TEST - F

SPLINITY (PPT)

HIOH MODAL - LD 1601 LOW MODAL - LD 1741

2.................................. 22.... ... ...............................G 11

0 5 10 15 20 25 se 36 0 5 10 15 20 25 30 35

SA-02-01

22 22 P.3O

57 57

- 5 10 16 20 26 30 36 0 6 10 15 20 25 30 36

12 12 GR-01-01

I-

C.
WJ 22 22

0 S 10 is 20 25 30 36 0 6 10 is 20 26 30 362 . e,. ............... • ........ .. . 2 :. . . ."e . . . . . . . ." . ........

22 '1 22 IPR-03-01

62 52 L,

0 5 10 16 28 25 38 35 0 5 10 15 20 25 30 35• ", , i . . . . . . . . . . . . . . . . . . . . . . -, , . . . . i. . . . . . . . . . . . i . . . . . . .

IB..

26 246,-

0 5 10 16 20 26 30 36 0 5 10 16 20 25 30 36

1 B " , I . 1 .1. . .... . .' " '. . .

I1L4 1W Y-05-01

26 26

I'lato 90. !'alinlity profi l es, sti SA;-(2-(1, (;R-0-O1, pR-O3-0l ,

and Y-05-01, I tinar (ihv- 1601 .md 1741



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

,.EY3 BASE TEST - B
FUTURES TEST - F SPLINITY (PPT)

HIOH MODAL - LD 2292 LOW MODAL - LD 2L60
0 5 10 15 2 2 30 35 0 5 10 16 20 25 30 35

L4 m~

SA-02-01

22 2237 57

0 6 10 15 20 25 30 36 0 5 10 15 20 25 30 36L 2 ....... ''. .. . . ..... . . .' '...... 2 '- . . . '

2E 12 12 GR-1-01

L 22 22

0 5 10 16 20 26 30 36 0 5 10 15 20 25 30 36

...................................................

22 22
PR-03-01

52 52

0l 6 10 is 20 25 so 35 0 5 10 15 208 25 50 35

26 26

A-

LJ 56 58
050 F 50

o 6 10 15 20 25 30 36 0 6 10 16 20 26 30 36

14 14 Y-O 1

26 -26

Plate 91. Salinity profiles, sta SA-0201, GR-0i-0l, PR-03-O], R-0"3-CI,
and Y-05-0 1

, lunar days 2292 and 2460



SFPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY; bIPE TEST - B

FUTURES TEST - F SLINITY (PPT)

HIGH MOD13L - LD 2286 LOW MODAL - LD 2L464

o 10 15 20 626 3e36 8 5 10 16 20 25 30 36

SA-02-01
22 22

37 37L

- e 6 18 1s 20 26 30 36 0 6 10 15 2e 26 30 35
LL 2 2 -. . . . . . . .y

12 12 GR-01-01
I.-

S22 22

0 5 10 15 20 26 30 3 2 5 10 16 20 26 30 36

22 22 PR-03-01

5 10 15 20 26 30 35 0 5 10. 15 20 26 30 36

13 1

26 26 R0/R-03-01

0 6 10 16 20 26 30 36 0 5 10 16 20 25 30 356
i . i . .. ;. i• .. . .. . • i .. i ' , I. . .i% =•• i.....i.....i... .

114 14 Y-0"-0

6 26

Plate 92. Salinity profiles, sta SA-02-0, GR-0O-Ol, PR-03-Ol, R-03-01,

and Y-05-O1, lunar days 2296 and 2464



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

rt¥; BASE TEST - B
FUTURES TEST - F SALINITY (PPT)

HIGH MODAL - LD 2301 LOW MODAL - LD 2469

0 5. 15 20 26 30 35 0 5 10 16 20 25 30 35

SA-2-01

2222

37 37

t- 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

U- 2

12 12 GR-01-01

a U. 22

o 6 10 15 20 25 30 36 0 5 10 1 20 25 30 36'" ......... 2 " '. " .1' . .

2 22

22 '22 PR-03-01

52 52

0 5 10 15 20 26 30 35 0 5 10 15 20 26 30 35

13 F 13 *F

26 26 R-31

a:6 46

0 10 15 20 26 30 35 10 16 20 25 30 35

4

1 Y-05-01

26 26

Plate 93. Salinity profiles, sta SA-02-O1, GR-01-O1, PR-03-O1, R-03-O1,
and Y-05-01, lunar days 2901 and 2469



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEYs BASE TEST - B

FUTUREG TEST - F
SALINITY (PPT)

HIGH MODAL - LD 2310 LOW MODQL - LD 2460
. . 10 15 20 25 30 35 0 5 10 15 20 26 30 35

L4 4 , ' 1. . . .]. . .

SA-02-01

t- e 65 10 15 20 26 30 36 e 6 10) 16 20 26 30) 36

o 5 10 15 20 25 30 35 0 6 10 16 20 26 30 36

2 2R-0-01
W22 22 P-3O

62 L 62

0 5 10 15 20 25 30 55 0 6 10 15 20 25 30 55

13 13

26 26
R-03-01

IL

L466

0 5 10 16 20 26 30 36 16 16i i 20 25 90 36

and Y-5-0 lna dy26 26

Plate 94. Salinity profiles, sta SA-02-01, GR-0-01, PR-03-01, R-03-01,
and Y-05-01, lunar days 2910 and 2450
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SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BOSE TEST - B

FUTURES TEST - F SALINITY (PPT)

HIGH FLOW - LD 609 LOW FLOW - LD 686
0 5 16 15 20 25 30 35 0 F 1 15 20 25 30 35

11 11 CB-08-01

&A.

S2 ........... . .... . ' . 2 . .... . .......... .....

22 aCB-06-0422 'B.22.

37 L F 37

a 5 10 15 20 5 36 35 0 16 15 26 25 30 35
. . . | . . i, . . i . . . . i1.. . i.. . . J.. . . i. . . . . . . . . . . . . .

UF

22 22

25CB.04-0552 52

72 72

67 LF 07

6. 0 5 16 15 20 26 30 36 0 6 10 15 20 25 36 3

I-,

w

CO-02-08
92 32

57 L 7L

0 5 10 15 20 25 30 35 0 6 1 16 20 25 36 35

'4 '4 . sLa 4
22 22',

""CB-01-09

42 42

62 6?

72 72

Plate 95. Salinity profiles, sta CB-08-01, CB-06-04, CB-04-05,

CB-02-08, and CB-0l-09, lunar days 509 and 686



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BQ6E TEST - B
FUTURES TEST - F

SFI NI]TY (PPT)

HIGH FLOW - LD 618 LOW FLOW - LD 696
0 5 16 15 20 26 6 356 0 5 16 15 20 26 36 5

11 11 CB-08-01

10 2006o

6 6 16 16 20 25 30 96 0 5 1616 26 25 30 35
x 2 2 ................,....,........ .... 2......
IL.

CBO6-04
22 22

97 97

0 6 10 15 20 25 30 35 6 5 10 15 26 25 30 55

L4 '4

22 22

52 52 C-04-05

72 72 a

67 LF 97 L

. 5 10 15 2 25 30 35 6 10 15 26 26 30 35
B L4

Ii-n.
w

CB-02-08
32 B2

57 57

a E 10 15 20 26 30 3 0 5 10 15 26 25 30 3

22 22 b

CB-Ol-Og

'42 We2

62 62

72 7"72

Plate 96. Salinity profiles, sta CB-08-01, CB-06-04, (B-04-05,

CB-02-08, and CB-OI-09, lunar days 518 and 696



SALINITY PROFILE
LOW FRESHWATER INFLOW TEST

K EY, BQOE TEST - a
FUTURES TEST - F SgLIN1IY (PPT)

HIGH P-OW - LD 6208 LOW FLON - LO 700
0 10 16 20 26 30 36 a061 isi 20 as 30 35

0 6 to 1s 20 26 3s as e 6 t0 16 a0 26 38 36

C8404

22 Z2

* s is 2e 26 38 s 36 5 10 1 20 26 3o 35

22 22

72 72

07 iF 97

Li.. 0 6 10 16 20 26 30 36 0 6 10 1 s 0 26 30 36

'4 ..'
I

w\52 3

67 67 '

0 6 10 16 20 26 so 36 0 6 10 16 a0 26 30 36

cs-01iog
Loa L42

72 72 L

Plate 97. Salinity profiles, Sta CB-08-O1, CB-06-04, CB-04-05,
CB-02-08, and CB-01-09, lunar days 528 and 700

' tJ



SPLINITY PROFILE
LOW FRESHWATER INFLOW TEST

KEY. BASE TEST - B
FUTURES TEST - F S LINITY ( PPT )

HIGH FLOW - LD 532 LOW FLOW - LD 706
* 5 10 15 20 25 30 35 0 5 10 15 20 26 a0 35

CB-08-01

Lo2 20F

0 6 10 15 20 25 30 36 0 5 10 16 20 25 30 36
12.........................................

I
0-

2 cCB-06-04

22 27

37 37

0 6 10 15 20 25 ?0 35 0 5 10 16 20 25 s a6

L4 B L4

22 22

C8-04-05
62 62

72 72

97 F 97 1

. 0 5 10 15 20 26 30 35 0 5 10 16 20 26 30 36

'4 B 4B

a-
LU

CB-02-08
32 32

57 57

O 6 10 15 20 25 30 35 0 6 20 16 20 26 30 36

22 22

CB-01-09

L42 42

: ., 62

72 72

Plate 98. Salinity profiles, sta CB-08-0I, CB-06-04, CB-04-05,
CB-02-08, and CB-0-09, lunar days 532 and 705



SPLINITY PROFILE
LOW FRESHWPTER INFLOW TEST

KEY, BSPE TEST - B

FUTURES TEST - F SALINITY (PPT)

HIOH FLOW - LD 882 LOW FLOW - LD 1360
0 6 10 15 28 25 30 5 0 6 10 1s 28 2s 30 36

20

0 6 10 15 20 26 30 36 0 5 10 15 20 2S 30 35a ... .. . . . ... , r l , ' . ,' r . ... . . .'- " ' . ., " ;

0- "'

CB-06-04

72 72

07 a7

. 0 6 10 16 20 26 30 36 0 6 10 16 20 2s 30 356

B L4

I

CB-02-08
32 52

67 67

e 6 10 16 20 26 30 36 0 6 10 16 20 2630 36

L4I B4 L

22. 22
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Plate 99. Salinity profiles, sta CB-08-O1, CB-06-04, CGB-04-05,
CB-02-08, and CB-01-09, lunar days 892 and 1368
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Plate 100. Salinity prof les, sta CB-08-01, GB 06 04, CB-04-05,
CB-02-08, and (B-01-09, lunar days 896 and 1372
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Plate 103. Salinity profiles, sta CB-08-0I, CB-06-04, CI-04-05,
CB-02-08, and CB-01-9, lunar days 1582 and 175(0
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Plate 108. Salinity profiles, sta CB-08-O1, CB-06-04, CB-04-05,

CB-02-08, and CB-01-09, binar days 2296 and 2464
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Plate 109. Salinity profiles, sta CB-08-OI, CB-06-04, CB-04-05,
CB-02-08, and CB-0-09, lunar days 2301 and 6469
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Plate 110. Salinity profiles, st. CB-08-01, C15-06-04, CB-04-05,
CB-02-08, a;d (B- r 1 -09, lunar days 2310 and 24 5(

.2



CMo.

CO, 0

C) 0

r- 
z-

2, cuQ

N 0N 
c

Cu. oA
a a

Cu a

-J r

m . 00

Cu 0

w

MIK 4.1
Cuu

cu

wo -i ca

a ri-CULjJ
z L

-7r ;" a -

a a - u
in0 -

CICu
4Wu

-~ UIs

0 Cu

um

C''V
-(V Z? co

cz, ~on

-Nm1tm

(id 3033JQA ICuS(J )3JbHSOAB-b~



Nn wZlaa

N C,

r. rJ C

in a a

a N
aa

fw10 0

z N

W w

a ru

-. i a ca

ciLi

Li a

a -'

N L w~li

a a

-ci 01i
a -:

z~w

cu N

cu~ P"C CD

Ct cii ,~ .

t00

(/) U) =r ~ iao

CUN2
'4n Li

C a -. 04 U0
-. 4 a _ __ ___ __ ___ __ ___ ___ __ ___ __ ____0

E ~ K K ~- E- ti *~09, ese eeei
owdd 3O 3JmI AI1N1r (Sn3 cuU I Abm cu cu



AA112 215 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSBURG-ETC F/S 8/8
LOW FRESHWATER INFLOW STUDY. CHESAPEAKE BAY HYDRAULIC MODEL INV--ETC(U)
JAN 82 0 R RICHARDS, L F 6ULBRANDSEN

UNCLASSIFIED WES/TR/HLA823 NL.EEEEK32

Im



1.020

jjjjl .25 1 .4 1.jj_6



La
C. 0

aar
a 0

0 r~

0 0

w 0A

on Nn CU

ID a
CO -. L

CDC

o L zN UJ

N cu

K N CI

Ci) - ' 3
-~LL

-. al
- PL

ck m 
06 c

-J A. C- L
1!- -

'n,
I..

col
-4 d8 3033JI 0INIS (-0 9bOI U l~~



L.~ )

-. LI) CO

'-u 4i c

o 0

a a
U) a.

- w

a 0 l

jr( cu 0

7- cum

aa
-A %a 'N(3 - (

f- Lal' r

-. C)

co)

K r-: 
o

Li a

Wu w w
- -i

a a/

cz 0
in a'C

Lun
i ~ i ru -'

In I. E

-ma AP

In .4

a( Aim C.- :I w

Li 4 IL
C.3C1C~l

(Id ,' 3a33JGAI~d S4) ESIOI d )JO



C~JC)

CD

C. cimCWT I
of Ix

0 0C
cm cu -

Cu

t, NO

C',,

a a0 C

(a En

zr CULL

00
cz Cu

N a
:p) CE

0

z u E~

K SK

Ct

4 4&-

I-IL

o 0m M

(Id)3N33JI IIIUS (SO 38H3( AGIU0



In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Richards, David R.
Low freshwater inflow study : Chesapeake Bay Hydraulic

Model Investigation / by David R. Richards, Leif F.
Gulbrandsen (Hydraulics Laboratory, U.S. Army Engineer
Waterways Experiment Station). -- Vicksburg, Miss. : The
Station ; Springfield, Va. : available from NTIS, 1982.

26, [24] p., [1151 p. of plates : ill. ; 27 cm. --
(Technical report : HL-82-31
Cover title.
"January 1982."
Final report.
"Prepared for U.S. Army Engineer District, Baltimore."

1. Chesapeake Bay. 2. Fresh water. 3. Hydraulic
models. 4. Water consumption. I. Gulbrandsen, Leif F.
II. United States. Army. Corps of Engineers. Baltimore
District. III. U.S. Army Engineer Waterways Experiment
Station. Hydraulics Laboratory. IV. Title V. Series:

Richards, David R.
Low freshwater inflow study : Chesapeake Bay : ... 1982.

(Card 2)

Technical report (U.S. Army Engineer Waterways Experiment
Station) ; HL-82-3.
TA7.W34 no.HL-82-3



FILMEI

ITI

nAEW


